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e2-1. If@ = 30° and T = 6kN, determine the magnitude 
of the resultant force acting on the eyebolt and its direction 
measured clockwise from the positive x axis. 


The parallelogram law of addition and the triangular rule are shown in Figs. a and b, respectively. 
Applying the law of cosines to Fig. b, 


Fr = {2 + 87 — 2 6)(8)cos 75° 


= 8.669 KN = 8.67 KN 


Applying the law of sines to Fig. b and using this result , yields 


sina  sin75° 


sng = 63.05° 
oe a 


Thus, the direction angle @ of Fp measured clockwise from the positive x axis is 
@ =a — 60° =63.05° — 60° = 3.05° Ans, 
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2-2. If 6 = 60° and T = 5kN, determine the magnitude 
of the resultant force acting on the eyebolt and its direction 
measured clockwise from the positive x axis. 


The parallelogram law of addition and the triangular rule are shown in Figs. a and b, respectively. 


Applying the law of cosines to Fig. b, 


Fr = {3 + 82 — 2 5)(8)cos 105° 


= 10.47 KN =10.5kN 


Applying the law of sines to Fig. b and using this result, yields 


sina sin105° 
—-= = 47.54° 
8 10.47 la 


Thus, the direction angle @ of Fr measured clockwise from the positive x axis is 
@ =a — 30° =47.54° ~ 30° =17.5° Ans. 
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2-3. If the magnitude of the resultant force is to be 9 KN 
directed along the positive x axis, determine the magnitude of 
force T acting on the eyebolt and its angle 0. 


The parallelogram law of addition and the triangular rule are shown in Figs. a and b, respectively. 


Applying the law of cosines to Fig. b, 


T= fs? +97 ~2(8)(9)cos 45° 


=6.571 kN = 6.57kKN 


Applying the law of sines to Fig. b and using this result, yields 
sin(90°—@) _ sin 45° 
8 6.571 


6 = 30.6° 
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*2-4. Determine the magnitude of the resultant force Fy = 150 Ib 
acting on the bracket and its direction measured 
counterclockwise from the positive u axis. 


F, = 200 Ib 


The parallelogram law of addition and the triangular rule are shown in Figs. a and b, respectively. 


Applying the law of cosines to Fig. b, 


Fr = {200 +150? —2(200)(150)cos 75° 


= 216.72 lb = 217 Ib 


Applying the law of sines to Fig. b and using this result yields 
sina = sin 75° a= 63.05° 
200 = 216.72 


Thus, the direction angle @ of Fr , measured counterclockwise from the positive u axis, is 
@ =a —60° = 63.05° — 60° = 3.05° Ans. 
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e2-5. Resolve F, into components along the u and v axes, Fy = 150 Ib 


and determine the magnitudes of these components. 


The parallelogram law of addition and the triangular rule are shown in Figs. a and b, respectively. 


Applying the law of sines to Fig. b, yields 


oa ere ae ee Ans. 


sinl05° sin 30° 


a = 200 F, = 283 Ib 
sin45° —sin30° 


Frye 


<n 7: 
Pe Oe 200.lb 
Vv 


@ ) 
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2-6. Resolve F, into components along the u and v axes, Fy = 150 Ib 
and determine the magnitudes of these components. 


The parallelogram law of addition and the triangular rule are shown in Figs. a and b, respectively. 


Applying the law of sines to Fig. b, 


aap F, =150 Ib 


sin30° _sin30° 


a 
sinl120° sin 30° 
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2-7. If Fz = 2 kN and the resultant force acts along the 
positive u axis, determine the magnitude of the resultant 
force and the angle 6. 


The parallelogram law of addition and the triangular rule are shown in Figs. a and b, respectively. 
Applying the law of sines to Fig. b, yields 


sing _sin30° 


3 2 


Thus, 
8 = 30° +@ = 30° + 48.59° = 78.59° = 78.6° 


With the result @ = 78.59°, applying the law of sines to Fig. b again, yields 


_ FR ._ 2 7 
sin(180°— 78.59°) sin30° Fr = 3.92 kN 
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*2-8. If the resultant force is required to act along the 
positive u axis and have a magnitude of 5 KN, determine the 
required magnitude of Fp and its direction 0. 


The parallelogram law of addition and the triangular rule are shown in Figs. a and b, respectively. 


Applying the law of cosines to Fig. b, 


Fp = { +57 —2(3)(5)cos 30° 


= 2.832 KN = 2.83 KN 


Using this result and realizing that sin(180° — @) = sin@, the application of 
the sine law to Fig.b, yields 


sin@ _ sin30° 
5 2.832 
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e2-9. The plate is subjected to the two forces at A and B 
as shown. If 6 = 60°, determine the magnitude of the 
resultant of these two forces and its direction measured 
clockwise from the horizontal. 


Parallelogram Law : The parallelogram law of addition is shown in 
Fig. (a). 


Trigonometry : Using law of cosines [Fig.(b)], we have 


Fy = (8 + 62 -2(8) (6) cos 100° 


= 10.80 KN = 10.8 kN 


The angle@ can be determined using law of sines[ Fig. (b)]. 


sin @ _ sin 100° 


6 10.80 


sin 8 = 0.5470 
6 = 33.16° 


Thus, the direction ¢ of F, measured from the x axis is 


= 33.16°- 30° = 3.16° 
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2-10. Determine the angle of 6 for connecting member A 
to the plate so that the resultant force of F, and Fp is 
directed horizontally to the right. Also, what is the magnitude 
of the resultant force? 


Parallelogram Law : The parallelogram law of addition is shown in 
Fig. (a). 


Trigonometry : Using law of sines [Fig.(b)], we have 
sin (90°- 6) _ sin 50° 
6 a 
sin (90° - 6) = 0.5745 
@ = 54.93° = 54.9° Ans 


From the triangle, ¢ = 180° - (90° -— 54,93°) — 50° = 94.93°. Thus, using 
law of cosines, the magnitude of Fz is 


Fy = 7 8 +6? - 2(8) (6) cos 94.93° 


= 10.4kN 


2-11. If the tension in the cable is 400 N, determine the 
magnitude and direction of the resultant force acting on 
the pulley. This angle is the same angle 0 of line AB on the 
tailboard block. 


Fr = ¥ (400 + (400)? - 2(400)(400) cos 60° = 400N Ans 


sin@ _ sin 60° | 


mm 400 , 6-= 60° Ans 
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*2-12. The device is used for surgical replacement of the 
knee joint. If the force acting along the leg is 360 N, 
determine its components along the x and y’ axes. 
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e2-13. The device is used for surgical replacement of the 
knee joint. If the force acting along the leg is 360 N, 
determine its components along the x’ and y axes. 
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2-14. Determine the design angle 6 (0° = 6 = 90°) for 400 Ib A 


strut AB so that the 400-lb horizontal force has a 
component of 500 Ib directed from A towards C. What is the 
component of force acting along member AB? Take 


& = 40°. 


a 
a" 


Parallelogram Law : The parallelogram law of addition is shown in 
Fig. (a). 


- 
, 7 


Trigonometry : Using law of sines [Fig.(b)}, we have 


¢ 


7 
7 


b 


sin 6 = 0.8035 


0 = 53.46° = 53.5° 


Thus, Y= 180° - 40° - 53.46° = 86.54° 


Using law of sines [Fig. (b)] 


See 
sin 86.54° sin 40° 


Fug = 621 Ib 


400 Ib A 


2-15. Determine the design angle #(0°=¢= 90°) 
between struts AB and AC so that the 400-lb horizontal 
force has a component of 600 Ib which acts up to the left, in 
the same direction as from B towards A. Take 6 = 30°. 


Parallelogram Law : The parallelogram law of addition is shown in 
Fig. (a). 


Trigonometry : Using law of cosines [Fig.(b)], we have 


Fic = ¥ 400? + 600? -— 2( 400) (600) cos 30° = 322.97 Ib 
The angle @ can be determined using law of sines (Fig. (b)]. 
sng _ sno 
400 322.97 
sin @ = 0.6193 


¢ = 38.3° 
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*2-16. Resolve F, into components along the u and v axes 
and determine the magnitudes of these components. 


Sine law : 
Fie _250 
sin30° sin 105° 


fia 250 


sindS®  sinl05® 


e2-17. Resolve F, into components along the u and v axes 
and determine the magnitudes of these components. 


F, = 150N 


Sine law, : 


fe 910 
sin 30°" sin 75° 


Fre = 150 
sin 75° sin 75° 
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2-18. The truck is to be towed using two ropes. Determine 
the magnitudes of forces F, and Fp acting on each rope in 
order to develop a resultant force of 950 N directed along 
the positive x axis. Set 6 = 50°. 


Parallelogram Law : The parallelogram law of addition is shown in 
Fig. (a). 


Trigonometry : Using law of sines [Fig. (b)], we have 


F950. 
sin 50° sin 11 


F, =774N 


i 950 
sin 20° sin 110° 


=346N 


2-19. The truck is to be towed using two ropes. If the 
resultant force is to be 950 N, directed along the positive x 
axis, determine the magnitudes of forces F, and Fp acting 
on each rope and the angle @ of Fz so that the magnitude of 
Fp is a minimum. F , acts at 20° from the x axis as shown. 


Parallelogram Law : In order to produce a minimum force F, , F, has 
to act perpendicular to F, .The parallelogram law of addition is shown in 
Fig. (a). 


Trigonometry : Fig.(b). 


Fy = 950sin 20° = 325 N 


F, =950cos 20° = 893 N 


6 = 90° — 20° = 70.0° 
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*2-20. If ¢@ = 45°, F, = 5 KN, and the resultant force is 
6 KN directed along the positive y axis, determine the required 
magnitude of F, and its direction 6. 


The parallelogram law of addition and triangular rule are shown in 


Figs. a and b, respectively. 
Applying the law of cosines to Fig. b, 


F, = s? +57 —2(6)(5) 00s 45° 


=4,310 KN = 4.31 KN 


Using this result and applying the law of sines to Fig. b, yields 


: ee 
sind _ sin45 @=55.1° Ans. 
5 4.310 
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02-21. If ¢ = 30° and the resultant force is to be 6 kN 
directed along the positive y axis, determine the magnitudes of 
F, and F, and the angle 6 if F, is required to be a minimum. 


For F2 to be minimum, it has to be directed perpendicular to Fp . 
The parallelogram law of addition and triangular rule are shown in Figs. a and b, respectively. 
By applying simple trigonometry to Fig. b, 


F, = 60s 30° = 5.20 kN 
Fy = 6sin30° = 3kN 


@ = 90°—30° = 60° Ans. 
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2-22. If @ = 30°, F, = 5 kN, and the resultant force is to 
be directed along the positive y axis, determine the 
magnitude of the resultant force if F, is to be a minimum. 
Also, what is F, and the angle 6? 


Parallelogram Law and Triangular Rule: The parallelogram law of addition and 
triangular rule are shown in Figs.a and b, respectively. 
For F> to be minimum, it must be directed perpendicular to the resultant force. Thus, 


6 = 90° Ans. 
By applying simple trigonometry to Fig. b, 


Fy = 5sin30° = 2.50 kN 
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2-23. If 6 = 30° and F, = 6KN, determine the magnitude 
of the resultant force acting on the plate and its direction 
measured clockwise from the positive x axis. 


Parallelogram Law and Triangular Rule: This problem can be solved by adding the forces 
successively, using the parallelogram law of addition, shown in Fig. a. Two triangular force 
diagrams, shown in Figs. b and c, can be derived from the parallelogram. 


Determination of Unknowns: Referring to Fig. b, F’ and a can be determined as follows. 


Fada? 45? =6.403kN 


una == a = 5134 


Using the results for F’ and @ and referring to Fig. c, Fp and B can be determined. 


Fp = de + 6.4037 —2(6)( 6.403)c0s(51.34° + 30°) 


=8.089 KN = 8,09kN 


Thus, the direction angle @ of Fp , measured clockwise from the positive x axis, is 


@ =@+B = 51.34° + 47.16°= 98.5° Ans. 
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*2-24. If the resultant force Fp is directed along a 
line measured 75° clockwise from the positive x axis and 
the magnitude of F, is to be a minimum, determine the 
magnitudes of F, and F, and the angle 6 = 90°. 


This problem can be solved by adding the forces successively, using the parallelogram law of addition, 
shown in Fig. a. Two triangular force diagrams, shown in Figs. b and c, can be derived from the parallelograms. 
For F; to be minimum, it must be perpendicular to the resultant force' s line of action. Thus, 


6 = 90° —75° = 15° Ans. 


Referring to Fig. b, F’and @ can be determined. 


F’= 42452 = 6.403 kN 


tana = a =51.34° 


Using the results for @, a, and F’ , Fr and F4 can be determined by referring to Fig. c. 


F) = 6.403cos( 15° + 51.43°) = 2.57 KN 
Fr = 6.403 sin(15° + 51.43°)= 5.86 KN 
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e2-25. Two forces F, and F, act on the screw eye. If their 
lines of action are at an angle @ apart and the magnitude 
of each force is F, = F) = F, determine the magnitude of 
the resultant force Fp and the angle between Fp, and F). 


= 
sin(@~9) 


sin(6-%) = sing 


O-g = 6 


Fa = V(F)? + (F)? ~ 2(F)(F) cos( 18 — 6) 


Since cos(180°- 6) = -cos@ 


Fa = F(,/2)/1+ cos0 


Since cos 8) = ys" 
2 2 
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2-26. The log is being towed by two tractors A and B. 
Determine the magnitudes of the two towing forces F, and 
Fp if it is required that the resultant force have a magnitude 
Fr = 10 KN and be directed along the x axis. Set 6 = 15°. 


Parallelogram Law : The parallelogram law of addition is shown in 
Fig. (a). . 


Trigonometry : Using law of sines {Fig.(b)], we have 


k, 10 


sin 15° sin 135° 
F, =3.66kN 


i _ 10 
sin 30° sin 135° 


Fy = 7.07 kN 


2-27. The resultant Fp of the two forces acting on the log is 
to be directed along the positive x axis and have a magnitude 
of 10 KN, determine the angle 6 of the cable, attached to B such 
that the magnitude of force Fp in this cable is a minimum. 
What is the magnitude of the force in each cable for this 
situation? 


Parallelogram Law : In order to produce a minimum force Fp, F, has 
to act perpendicular to F, .The parallelogram law of addition is shown in 
Fig. (a). 


Trigonometry : Fig.(b). 


y= 10sin 30° = 5.00 kN 


F, = 10cos 30° = 8.66 kN 
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*2-28. The beam is to be hoisted using two chains. Deter- 
mine the magnitudes of forces F , and F, acting on each chain 
in order to develop a resultant force of 600 N directed along 
the positive y axis. Set @ = 45°. 


Fi, 600 


sina" sintos | 1" GPN Ame 


—__,_ ©. 
sin 30° sin 105°" 


Fe=3l1N Ans 
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e2-29. The beam is to be hoisted using two chains. If the 
resultant force is to be 600 N directed along the positive y 
axis, determine the magnitudes of forces F , and F, acting on 
each chain and the angle 0 of F, so that the magnitude of F, 
is a minimum. F , acts at 30° from the y axis, as shown. 


For minimum Fg, require 
6=60° Ans 


F, = 600 cos 30° =520N Ans 


fp =600sin 30° = 300N = Ans 
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2-30. Three chains act on the bracket such that they create 
a resultant force having a magnitude of 500 Ib. If two of the 
chains are subjected to known forces, as shown, determine 
the angle @ of the third chain measured clockwise from the 
positive x axis, so that the magnitude of force F in this chain 
is a minimum. All forces lie in the x—-y plane. What is the 
magnitude of F? Hint: First find the resultant of the two 
known forces. Force F acts in this direction. 


Cosine law : 


Fax = ¥ 3002 + 2002 = 2(300)(200)cos60° = 264.6 Ib 


Sine law : 


sin(30° + 6) _ sin60° 


200 We 6510.9 Ans 


When F is directed along Fe: , F will be minimum to create the resultant force. 


Fy = Fa, +F 
500 = 264.6 + Fiji, 
Faia 3235 bb 
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2-31. Three cables pull on the pipe such that they create a 
resultant force having a magnitude of 900 Ib. If two of the 
cables are subjected to known forces, as shown in the figure, 
determine the angle 6 of the third cable so that the 
magnitude of force F in this cable is a minimum. All forces 
lie in the x-y plane. What is the magnitude of F? Hint: First 
find the resultant of the two known forces. 


F' = /(600" + (400)? - 2(600)(400) cos 105° = 802.64 Ib 


F = 900 — 802.64 = 97.4b Ans 


sing _ sim 105g _ sean 


600 ==: 802.64 


@ = 46.22° - 30° = 162° = Ans 


2 Solutions 44918 1/21/09 


12:01 PM Page 33 oP 


© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


*2-32. Determine the magnitude of the resultant force 


acting on the pin and its direction measured clockwise from 
the positive x axis. 


Rectangular Components: By referring to Fig. a , the x and y components of F,, F2, and F3 
can be written as 


= Th Fy = 40 1b 
(F)x = 30c0s45° = 21.211b (K dy = 30sin45° = 21.21 Ib Y 


(Fy)y = 40sin 15° = 10.35 Ib 
(F3 )y = 2508 15° = 24.15 Ib 


(Fy) x = 40.c0s 15° = 38.64 Ib 
(F3), = 25sin15° = 6.47 Ib 


Resultant Force: Summing the force components algebraically along the xand y axes, 


*2CFR)x= EF; (Fp)x = 21.21+ 38.64+6.47 = 66.32 1b > 
+ TE(FR)y = Fy; (FR )y = 21.21-10.35—- 24.15 = -13.29 lb = 13.29 Ib 1 


The magnitude of the resultant force Fp is 


Fr = {rr )x? +(FR)y? = 466.322 + 13.29 = 67.61b 


The direction angle @ of Fr , measured clockwise from the positive xaxis, is 


G= on Se | = wm 32) 11.3° 


(Fr)x 66.32 


Fey? /3-29 


(b) 


2 Solutions 44918 1/21/09 12:01 PM Page 34 


© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


e2-33. If F,;=600N and ¢ = 30°, determine the 
magnitude of the resultant force acting on the eyebolt and 
its direction measured clockwise from the positive x axis. 


Rectangular Components: By referring to Fig. a , the x and ycomponents of each force can be written as 


(Fi)x = 600.00s30° = 519.62N (F)y = 600sin30°= 300N 
(Fy )x = 500c0s 60°= 250N = (Fa) y = 500sin60° = 433.0N 


(%)x= 42) = 270N (F)y = aso() = 360N 
Resultant Force: Summing the force components algebraically along the xand yaxes, 


+,2(Fr)x 2 EF; (Fr)x = 519.62 +250-270 = 499.62N 
+TE(Fr)y =BFy; (Fp )y = 300- 433.01 -360 = -493.01N = 493.01N 1 


The magnitude of the resultant force Fp is 


Fr = ter x? + (Fry? = 499.62? +493.012 = 701.91 N =702N 


The direction angle @ of Fp , Fig. b, measured clockwise from the xaxis, is 


ox oo dy o nf 493.01 ) re 


(Fr)x 499.62 


Fa), 2 499.62N . 
| 
| 


¥---M 
Fe) =493-01N 


J 
(6) 
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2-34. If the magnitude of the resultant force acting on 
the eyebolt is 600 N and its direction measured clockwise 
from the positive x axis is 6 = 30°, determine the magni- 
tude of F, and the angle ¢. 


Rectangular Components: By referring to Figs. a and 5, the x and y components of F,, F>, F3, and Fr 
can be written as 


(Rs =F cose (Ay = Rising 
(Fy )x = 500cos 60° = 250N (Fo)y = 500sin 60° = 433.01 N 


(F3)x= 4s 3) 270N (Fy)y = 44} - 360N 


(Fr )x = 600c0s30° = 519.62 N (Fr )y = 600sin30° = 300 N 


Resultant Force: Summing the force components algebraically along the xand yaxes, 


+,2(FR)x = ZF; 519.62 = F cos + 250-270 
K cos @ = 539.62 

+ TE(FR)y = EFy; -300= F sing — 433.01-360 
K sing = 493.01 


Solving Eqs. (1) and (2), yields 


@ =42.4° K =731N 


2 Solutions 44918 1/21/09 12:01 PM Page 36 ¢ 


© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


2-35. The contact point between the femur and tibia 
bones of the leg is at A. If a vertical force of 175 Ib is applied 
at this point, determine the components along the x and y 
axes. Note that the y component represents the normal 
force on the load-bearing region of the bones. Both the x 
and y components of this force cause synovial fluid to be 
squeezed out of the bearing space. 


F, = 175(5) = 67.3lb Ans 


i= -175(=) = -162b Ans 
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*2-36. Ifd = 30° and F, = 3 KN, determine the magnitude 
of the resultant force acting on the plate and its direction 6 
measured clockwise from the positive x axis. 


Rectangular Components: By referring to Fig. a, the xand ycomponents of F, F2, and F3 can be written as 


(Fi)x = 4sin30° = 2kN (Fi)y = 4.00830° = 3.464KN 
(Fy) = 300830° = 2.598kN (F2)y = 3sin 30° = 1.50 kN 


4 3 
ie= 4 4}=40N (F)y = (2) =300 


Resultant Force: Summing the force components algebraically along the xand yaxes, 


+,2(Fp)x=2K; (Fp)x =-2+ 2.598+ 4=4.598KN > 
+ TE(FR)y = IF); (FR)y = -3.464+ 1.50 -3 = 4.964 KN = 4.964kN J 


The magnitude of the resultant force Fp is 


Fr = ker Mx? +(Fe)y? = 14.508? 44.9642 = 6.77kN 


The direction angle @ of Fr, Fig. b, measured clockwise from the positive xaxis, is 


Pea. | (Fry _, =f 4.964 ce 
6 =tan ee = tan 4598 47.2° 


24.598 kv 


ot 


Fx 
Fe)y 24.964 KAN . 
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e2-37. If the magnitude for the resultant force acting on 
the plate is required to be 6 KN and its direction measured 
clockwise from the positive x axis is 9 = 30°, determine the 
magnitude of F, and its direction ¢. 


Rectangular Components: By referring to Figs. a and 5, the x and y components of F,, F>, F3, and Fr 
can be written as 


(A), = 4sin30° = 2kKN (Fi)y = 4.00830° = 3.464kN 
(Fa) = Fy cos (Fo)y = Fy sing 


(a). 44} =410 (Fs)y -{3)-s0 
(Fr )x = 600830° = 5.196 kN (Fr )y = 6sin 30° =3KN 


Resultant Force: Summing the force components algebraically along the xand yaxes, 


+,2(Fr)x==K; 5.196 =-2+ Froosg +4 
Fy cos = 3.196 

+ TE(FR)y =BFy; -3=-3.464+ F sing -3 
Fy sing = 3.464 


Solving Eqs. (1) and (2), yields 


@ = 473° Fy =4.71kN 
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2-38. If @ = 30° and the resultant force acting on the 
gusset plate is directed along the positive x axis, determine 
the magnitudes of F, and the resultant force. 


Rectangular Components: By referring to Fig. a , the x and ycomponents of F, , Fz , F3, and Fp can be written as 


(A), = 4sin30° = 2kN (Fi)y = 4.00830° = 3.464 kN 
(F))x = Fz 00830° = 0.8660F, (Fo)y = Fy sin30° = 0.5F 


4 3 
()e= 44} =44N (B)y= (2) =340 
(Fr)x = Fr (Fr)y =0 


Resultant Force: Summing the force components algebraically along the xand yaxes, 
+TE(FR)y = Fy; 0=-3.464+ 0.5% -3 
Fy =12.93KN = 12.9kN 


+ (Fp) = LK; Fp =-2+ 0.8660(12.93) +4 
=13.2kN 
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2-39. Determine the magnitude of F, and its direction 0 
so that the resultant force is directed vertically upward and 
has a magnitude of 800 N. 


Scalar Notation : Suming the force components algebraically, we have 


5 h.=28; ,202Fsin 0 + 400c0s 30° -600(=) 
F sin 0 = 133.6 ul] 


+1 h =25;  f, =800= Roos 0 +400sin 30° + 600(= 
Froos 6 = 240 (2) 


Solving Eq. [1] and [2] yields 


@=29.1° Ff =275N 
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*2-40. Determine the magnitude and direction measured 
counterclockwise from the positive x axis of the resultant 
force of the three forces acting on the ring A. Take 
F, = 500 N and 6 = 20°. 


Scalar Notation ; Suming the force components algebraically, we have 


+ h=th: fh, = 500sin 20° + 40008 30° -600(+) 
=3742N 


+TR=EE; fh, = $00cos 20° + 400sn 30° +-600( 3 
= 1029.8NT 


The magnitude of the resultant force F, is 


i= VR +h = 37.422 + 1029.8? = 1030.5N=1.03kN Ans 


The directional angle 6 measured counterclockwise from positive x axis is 


are ; 
@6@=tn Faas — |= 87: Ans 
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e2-41. Determine the magnitude and direction 0 of Fz so 
that the resultant force is directed along the positive y axis 
and has a magnitude of 1500 N. 


Scalar Notation : Suming the force components algebraically, we have 


> fy, =25; 0 = 700sin 30° - F, cos 6 
F,cos 8 = 350 (1) 


+1, =IR; — 1500=700cos 30°+ F; sin @ 
Fysin @ = 893.8 


Solving Eq. (1] and (2) yields 


0=68.6° F, =960N 
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2-42. Determine the magnitude and angle measured 
counterclockwise from the positive y axis of the resultant 
force acting on the bracket if Fz = 600 N and @ = 20°. 


Scalar Notation : Suming the force components algebraically, we have 


> fy, =F; fy, = 700sin 30° 600cos 20° 
3-213.8N=213.8N¢ 


+1 h =28; fy, = 700cos 30° + 600sin 20° 
=81L4N T 


The magnitude of the resultant force F, is 
7 2/R +B = 7213.8 +8112 = 839N Ans 


The directional angle 9 measured counterclockwise from positive y axis is 


F, 13.8 
te Stan "| A 
Pan i, stan aa)" 14.8° ns 
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2-43. If 6 = 30° and Fy, = 2501b, determine the 
magnitude of the resultant force acting on the bracket and 
its direction measured clockwise from the positive x axis. 


Rectangular Components: By referring to Fig. a, the xand ycomponents of F;, F>, and F3 can be written as 


(Fi) = 25000s30° = 216.51 Ib (F,)y = 250sin 30° = 125 Ib 


(Fas - soo 4) 240 Ib 


- 3 
= — |=100Ib P = 
(F3)y 2 4 = F) = 300 lb 
F; = 260 Ib 


Resultant Force: Summing the force components algebraically along the xand yaxes, 


+,2(Fr)x = EF; (Fp )y = 216.51+ 240-100 = 356.51 Ib > 
+TE(Fe)y =2Fy; (FR)y =125-180— 240= -295 b= 2951b 1 


The magnitude of the resultant force Fp is 


Fr = Fe)? +Fady? = 356.512 + 2957 = 463 1b 


The direction angle @ of Fp , Fig. b, measured clockwise from the positive xaxis, is 


@= =] =t- oe 39.6° 


(Fr)x 356.51 


2 356:5/ /b 
La de 
6 | 


Fe 


lady 279 Ib 
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*2-44. If the magnitude of the resultant force acting on 
the bracket is 400 Ib directed along the positive x axis, 
determine the magnitude of F, and its direction ¢. 


Fy = 300 Ib 


F3 = 260 Ib 


Rectangular Components: By referring to Fig. a, the xand y components of F;, F2, F3, and Fr 
can be written as 


(Fi), = F cos¢ (Fi)y = sing 


(Fy) = soo{ + )= 2401 
(F3) = 26o{ 5} = 1001 
gE aes 13 = 


(Fr), = 400 Ib 
Resultant Force: Summing the force components algebraically along the xand y axes, 


+,2( Fr), = 2K; 400= F cosd +240 - 100 
F cos = 260 


+ TX(Fr)y = Fy; 0= A sing - 180-240 
K sing = 420 


Solving Eqs. (1) and (2), yields 


@ = 58.2° F = 494 Ib 
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e2-45. If the resultant force acting on the bracket is to be 
directed along the positive x axis and the magnitude of F, is 
required to be a minimum, determine the magnitudes of the 
resultant force and F). 


Fy = 300 Ib 


F; = 260 Ib 


Rectangular Components: By referring to Figs. a and b, the x and y components of F;, F2, F3, and Fr 
can be written as 


(A) = K coso (Ay = K sing 


(Fy), = soo +) = 240 Ib 
(Fy), = 265) = 100 1b 
13 


(FRr)x = Fr 


Resultant Force: Summing the force components algebraically along the xand y axes, 


+TZ(FR)y = Fy; 0= A sing - 180-240 


+, 2(Fr)x= =F; Fr =F, cosd + 240-100 (2) 
By inspecting Eq. (1), we realize that Fj is minimum when sing = lor @ = 90°. Thus, 
K = 420 Ib Ans. 
Substituting these results into Eq. (2), yields 


Fr = 1401b 
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2-46. The three concurrent forces acting on the screw eye 
produce a resultant force Fr = 0. If Fy = § F, and F, is to 
be 90° from F, as shown, determine the required magnitude 
of F, expressed in terms of F and the angle 0. 


Cartesian Vector Notation: 


F, = Ficos 60°i + F sin 60°) 
= 0.50F i +0.8660F j 


F, = 5 Ficos 30° $F sin 30°) 
=0.5774F 1-0.3333Kj 


F, =-K sin 61 ~ Roos 6) 


Resultant Force : 
F, 0 =F, +F, +F, 
0 =(0.50F, +0.5774F - Asin 6)i 
+(0.8660F -0.3333F, - cos 6)j 
Equating i and j components, we have 
0.50F, + 0.5774F, - Ksin 8=0 
0.8660F, — 0.3333 - coos @=0 

Solving Eq. [1] and [2] yields 


@=63.7 &=120F 


2-47. Determine the magnitude of F, and its direction 0 
so that the resultant force is directed along the positive x 
axis and has a magnitude of 1250 N. 


Scalar Notation : Suming the force components algebraically, we have 


+h =I;  1250= sin 6+800cos 30° 
F,sin @ = $57.18 (1) 


+T hy, = 25; 0 = F,cos 8- 800sin 30° 
F,cos 8 = 400 


Solving Eq.[1] and [2] yields 
6=54,3° F, = 686N 
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*2-48. Determine the magnitude and direction measured 
counterclockwise from the positive x axis of the resultant 
force acting on the ring at O if F, = 750 N and @ = 45°. 


Scalar Notation : Suming the force components algebraically, we have 


“+ hh, =2E; Fy, = 750sin 45°+ 800cos 30° 
= 123.158 > 


+7 R =25; f, = 750cos 45°-800sin 30° 
= 130.33N T 


The magnitude of the resuitant force Fp is 
mean +e 
= (1223.15? + 130.33 = 1230 N = 1.23 KN Ans 
The directional angle @ measured counterclockwise from positive x axis is 


f= on =un™ (an = 6,08° Ans 


e2-49. Determine the magnitude of the resultant force 
and its direction measured counterclockwise from the 
positive x axis. 


R = -of -L 190 p= aanaep bb 
Al ¥2 


2 


E 70 sin 60°70 cos 60°j = {— 60.621 - 35 j} b 


K, = (-50 j}b 


Ey = EF = {-103.05i — 42.57 j} b 


Fa = ¥(-103.05)? + 42.57% = 1111b Ans 


42.57 
= =i = ° 
sila (Gans — 


6 = 180° + 22,4° = 202° 
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2-50. The three forces are applied to the bracket. 
Determine the range of values for the magnitude of force P 


so that the resultant of the three forces does not exceed 
2400 N. 


> Fee = EF; Fey 2 P + 800 cos 60" - 3000 cos 30° = P — 2198.08 


+T Fy = 5F,: Fey 2 800sin 60° + 3000 sin 30° = 2192.82 


Fy = /(P — 2198.08" + (219282) < 2400 
(P ~ 2198.08)" + (2192.82)? < (2400) 

\(P - 2198.08) < 975.47 

-975.47 $ P — 2198.08 < 975.47 
(1222.6N S$ P $ 3173.5N 


122KN Ss P $ 3.17KN Ans 
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2-51. If F, = 150 N and ¢ = 30°, determine the magnitude 
of the resultant force acting on the bracket and its direction 
measured clockwise from the positive x axis. 


Rectangular Components: By referring to Fig. a, the xand y components of F,, F>, and F3 can be written as 


(A), = 150sin30° = 75N (F))y = 150cos 30° = 129.90N 
(Fy)x = 200 


(F3)x = 


N 
5 
13 


} =100% — |=240N 
13 


Resultant Force: Summing the force components algebraically along the xand yaxes, 


+,2(FR)z=2Ki  (Fp)x =75+200+100=375N 
+ TE(FR)y = BFy; (Fey =129.90-240=-110.10N =110.01N 1 


The magnitude of the resultant force Fp is 


Fr = {rr x” +(Fe)y? = 75? +110.10? =391N Ans. 


The direction angle @of Fp , Fig. b, measured clockwise from the positive xaxis, is 


—— (Fr) = nf 110.10 ) _ 6 40 
@ = tan ae tan | “S55 |= 18-4 
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*2-52. If the magnitude of the resultant force acting on 
the bracket is to be 450 N directed along the positive u axis, 
determine the magnitude of F, and its direction ¢. 


Rectangular Components: By referring to Fig. a, the xand y components of F, F2,F3, and Fr 
can be written as 


(Ax = A sing 
(F2)x = 200N 


(F3)x = «o( &)-100N 


(Fr) = 450008 30° = 389.71N (Fr )y = 450sin 30° = 225 Ib 


Resultant Force: Summing the force components algebraically along the xand y axes, 


+20 Fr), = 2F,; 389.71 = F sing + 200+ 100 
K sing = 89.71 
+ TE(FR)y = Fy; 225= F cosd —240 
F cos = 465 


Solving Eqs. (1) and (2), yields 


¢ =10.9° 
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e2-53. If the resultant force acting on the bracket is 
required to be a minimum, determine the magnitudes of F, 
and the resultant force. Set @ = 30°. 


Rectangular Components: By referring to Fig. a, the xand y components of F;, F>, and F3 
can be written as 
(A)x = Fi sin30° = 0.5K (Fi)y = 00830" = 0.86605, 
(F2)x = 200 


( = 


N 
a 
13 


)=1001 


Resultant Force: Summing the force components algebraically along the xand yaxes, 
S2(Fe)x = EK; (Fe )x = 0.5K +200+ 100 
= 0.5K +300 
+TZI(FR)y =F); (Fe)y = 0.86605 -240 


The magnitude of the resultant force Fp is 


Fr = kre x? +(Fp)y” 
= {05k +300) + (0.8660F; — 240)” 
= dr? —115.69F, + 147600 


Thus, 
Fr? = Fi? —115.69F; + 147 600 


The first derivative of Eq. (2) is 
dp 
2FR F, = 2K - 115.69 


and the second derivative of Eq. (1) is 


For Fr to be minimum, ana = 0. Thus, from Eq. (3) 
1 
2Fp HE = 27 -115.69-0 
a 
K = 57.84N =578N 


Substituting A = 57.84 N and =k = into Eq. (4), 
1 
af, 
—# = 0.00263 >0 
at, 
Thus, K = 57.84 N produces a minimum Fp . From Eq. (1), 


Fr = Vis784y? — 115.69(57.84) + 147600 = 380 N 
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2-54. Three forces act on the bracket. Determine the 
magnitude and direction @ of F, so that the resultant force is 
directed along the positive u axis and has a magnitude of 50 Ib. 


Scalar Notation : Suming the force components algebraically, we have 


> Fh =2k; 50 cos 25° = 80+:52{ = )+ eos (25°+ 6) 
Fos (25° + @) = 54.684 {1} 


+1 h =2R; ~ S0sin 25° = 52( 5) ~ Asin (25°+ 6 
Risin (25°+ 6) = 69.131 
Solving Eq.(1) and (2} yields 
25°+@= 128.35" 8 =103° 


F, = 88.1 lb 
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2-55. If F,=150lb and 6@= 55°, determine the 
magnitude and direction measured clockwise from the 
positive x axis of the resultant force of the three forces 
acting on the bracket. 


Scalar Notation : Suming the force components algebraically, we have 


+ h,=5Ri fh, = 80+52( =) + 150008 80" 
= 126.05 Ib > 


+Th oth; fh, = 52( 5) ~ s0sin 80 
=-99,72 b= 99,72 1b L 
- F=60 |b 


The magnitude of the resultant force F, is —xX 126-05 Ib 


Fy = [Fg + Fy = 1126.05" + 99.72? = 161 Ib Ans 


‘The directional angle 9 measured clockwise from positive x axis is 


oman! = un") 2383" Acs 


*2-56. The three concurrent forces acting on the post 
produce a resultant force Fr = 0. If Fy = 5 F\, and F, is to 
be 90° from F, as shown, determine the required magnitude 
of F expressed in terms of F and the angle 0. 


Ly = 0; K cos(8 — 90°) = F 
ERay’ = 0; K sin(6 - 90°) = & 


mo Bo} 


6 — 90° = 26.57° 


6 = 116.57° = 117° © 


b) 


A 
~ ¢08(116.57° — 90°) 
R= 112K 
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e2-57. Determine the magnitude of force F so that the 
resultant force of the three forces is as small as possible. 
What is the magnitude of this smallest resultant force? 


“> Fas = EF; Fas = 8 = F con 4S* - 14 c00 0” 
= -4,1244-F cos 45° 

Thy, sIF,; Fay 2 F sin 4S°+14 sin 3° 
=7-F sin 43° 


Fi = (—4.1244-F cos 45°)* +(7= F sin 45°)* () 


2m Ze = 2(-~4.1244—F cos 45°)(-cos 45°) +2(7 = F sin 45°)(-sin 45°) = 0 


Fe2Q3kN Aas 
From Eq. (1); Fy =7.87KN Ans 
Also, from the figure require 
(Fa)s 2 OnE; Fo ilédsin 15*=8 cos 45% 20 
Fe2.03KN Ans 
(Fay: "ZF; Fy = 14cos 15°=8 sin 45° 


#y=7.87KN Ans 
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2-58. Express each of the three forces acting on the 
bracket in Cartesian vector form with respect to the x and y 
axes. Determine the magnitude and direction 6 of F, so that 
the resultant force is directed along the positive x’ axis and 
has a magnitude of Fr = 600N. 


F, = {F cos6i +. sin0j}N- 

F, = {350i} N 

F, = {-100j} N 

Require, 

Fz = 600 cos30°i + 600-sin30°j 

Fy = {519.61 + 300j}N . 

Fy = IF 

Equating the i and j components yields : 
519.6 = F, cos@ + 350 


K cos@ = 169.6 


300 = F sin 6 - 100 


F sin@ = 400 
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2-59. Determine the coordinate angle y for F, and then 
express each force acting on the bracket as a Cartesian 
vector. 


Fy = 600N 


Rectangular Components: Since cos? a2 + cos? By + cos” 9 = 1, then cosy 2, = +41 — cos?45° — 00s? 60° = 10.5. 
However, it is required that y 2 >90°, thus, 72 = cos (0.5) = 120°. By resolving F; and F> into their x, y, and = 
components, as shown in Figs. a and 5, respectively F, and F> can be expressed in Cartesian vector form as 


F, = 450cos 45° sin30° i) + 450008 45° cos 30°(+ 9) + 450sin 45°( +k) 
= {-159i+ 276j+ 318k}N Ans. 
F2 = 6000s 45°i + 600.c0s 60°j + 600 cos 120°k 
= {4241 +300j— 300k}N Ans. 
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*2-60. Determine the magnitude and coordinate direction 
angles of the resultant force acting on the bracket. 


Rectangular Components: Since cos? a2 + cos” By + cos? =1, then cosy 2, = +W1—cos?45° — cos?60° = 40.5. 


However, it is required that a 2 > 90°, thus, y2 = cos™!(-0.5)= 120°. By resolving F, and F into their x, y, and =z 
components, as shown in Figs. a and 5, respectively, F; and Fz, can be expressed in Cartesian vector form, as 


F, = 450cos 45°sin30°C i) + 450.cos 45° cos 30° (+) + 450sin45°( +k) 
= {-159.10i + 275.57j+ 318.20k}N 

F, = 600008 45°i + 600.cos 60°j + 600 cos 120°k 
= {424i +300j— 300k} N 


Resultant Force: By adding F; and F 2 vectorally, we obtain Fp. 
Fr =F, +F2 
= (-159.10i + 275.57j+318.20k) + (424.261 +300j-—300k) 
={265.16i + 575.57j + 18.20k} N 


The magnitude of Fp is 


Fe = (Feds? + Fry? + Fr d2 
= 1265.18 + 575.57" +18.207 = 633.97N = 634N 


The coordinate direction angles of Fp are 


a= on | Cds | 
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e2-61. Express each force acting on the pipe assembly in 
Cartesian vector form. 


Fy = 400 Ib 


Rectangular Components: Since cos” 2 + cos” Bo + cos” 9 = 1, then cosB2 =3fi—cn? 60° — cos” 120° = 40.7071. 
However, it is required that B 2 > 90°, thus, B2 = cos! (0.7071) = 45°. By resolving F, and F> into their x, y, and = 
components, as shown in Figs. a and b, respectively, F, and F2, can be expressed in Cartesian vector form, as 


FK,= anf 4) +-05+ cof 3 ony 


= [480i+ 360k JN 
F> = 400c0s60°i + 400cos 45°j +400c0s 120° 
= [200i + 283j — 200k]N 
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2-62. Determine the magnitude and direction of the 
resultant force acting on the pipe assembly. 


F5 = 400 Ib 


Force Vectors: Since cos” arp +008” B2 +008" 72 = 1, then cosy2 =2ti- cos” 60° ~ cos? 120° = +0.7071. 
However, it is required that y7 <90°, thus, yz = cos~!( 0.7071) = 45°. By resolving F; and F> into their x, y, and < 
components, as shown in Figs. a and b, respectively, F, and F'2, can be expressed in Cartesian vector form, as 


R= anf Ju) +05+ oo 2 fot 


= {480i +360k} Ib 
F2 = 40000s60°i + 400.cos 45°j +400.c0s 120° 
= {200i + 282.84j— 200K} Ib 


Resultant Force: By adding F; and F> vectorally, we obtain Fp . 
Fr =F, +F> 
= (480i + 360k) + (200i + 282.84j— 200k) 
={680i+ 282.84j + 160k} Ib 


The magnitude of Fp is 


FR= {Fr x? + (Fr vs +(Fr)z" 
er + 282.84? + 160 = 753.66 Ib = 754 1b 


The coordinate direction angles of Fp are 
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2-63. The force F acts on the bracket within the octant 
shown. If F = 400 N, 8B = 60°, and y = 45°, determine the 
x,y, Z components of F. 


Coordinate Direction Angles: Since B and yare known, the third angle a can 
be determined from 


cos” @ + cos? B+ cosy = 1 


cos” @ +.c0s” 60° + cos? 45° = 1 


cos @ = +0.5 


Since F is in the octant shown in Fig. a, 8, must be greater than 90°. Thus, 
a = cos(-0,5) = 120°. 


Rectangular Components: By referring to Fig. a, the x, y, and s components of F can 
be written as 

F, = Fos a = 400cos 120° = -200N Ans, 

F, = Foos B = 400c0s60° = 200N Ans. 

F, = F cosy = 400cos 45° = 283N Ans. 


The negative sign indicates that F, is directed towards the negative xaxis. 
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*2-64. The force F acts on the bracket within the octant 
shown. If the magnitudes of the x and z components of F 
are F, = 300 N and F, = 600N, respectively, and B = 60°, 
determine the magnitude of F and its y component. Also, 
find the coordinate direction angles a and y. 


Rectangular Components: The magnitude of F is given by 
F= JF? +8? +F? 


F = p00? +5? + 60? 


F? =F? +450 000 


The magnitude of F,, is given by 
Fy = Foos 60° = 0.5F 


Solving Eqs. (1) and (2) yields 
F = 714.60N =775N 
Fy = 387N 


Coordinate Direction Angles: Since F is contained in the octant so that 
F,, is directed towards the negative x axis, the coordinate direction angle 0, 


— -1f -300 
= oe | = 113° Ans. 
F } = (5) 
The third coordinate direction angle is 


ye cos-t(=Fs = on" 600) = 02 
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°2-65. The two forces F, and F, acting at A have a 
resultant force of Fr = {—100k}lb. Determine the 
magnitude and coordinate direction angles of F). 


Cartesian Vector Notation : 
F, = {—100k} lb 


F, = 60{-cos 50°cos 30°I +cos 50°sin 30°j— sin 50°k} Ib 
= {—33.40i + 19.28j-45.96k} Ib 


F, =(K,i+ 5 J+8,k} tb 


Resultant Force : 
F, =F, +f; 
100k = {(&, -33.40) i+( A, +19.28) j+( 5, - 45.96) k} 
Equating i, j and k components, we have 


R,-33.40=0 Ff, =33.401b 
R,+19.28=0 & =-19.281b 
F,-45.96=-100 f= -$4.04 Ib 


The magnitude of force F, is 


= 133.40? +(-19.28)? + (54.04) 


= 66.39 lb = 66.4 Ib 


The coordinate direction angles for F, are 
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2-66. Determine the coordinate direction angles of the 
force F, and indicate them on the figure. 


Unit Vector For Foce F, : 


Us, =—cos 50°cos 30° + cos $0°sin 30°j—sin 50° 
= -0.5567i + 0.3214] -0.7660k 


Coordinate Direction Angles : From the unit vector obtained 
above, we have 


cos @=-0.5567 a@=124° 
cos B=0.3214 88 =71.3° 
cos ¥=-0.7660 y= 140° 


2-67. The spur gear is subjected to the two forces caused 
by contact with other gears. Express each force as a 
Cartesian vector. 


7 2A 
F, = 55 S0))— 55 S0)k = (14.0 }~ 48.0%} 


F, = 180 cos 60° + 180 cos 135°} + 180 cos 60°k 


= {901- 127j+90k} Ib Ans 


*2-68. The spur gear is subjected to the two forces caused 
by contact with other gears. Determine the resultant of the 
two forces and express the result as a Cartesian vector. 

F, = 180 1b 
Fax = 180 cos 60° = 90 


Fy = (50) +180 cos 135° = -113 


Fre = ~F (50) + 180 cos 60° = 42 


Fe = (901-113) +42k} Ib Ans 
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°2-69. If the resultant force acting on the bracket is 
Fr = {—300i + 650j + 250k} N, determine the magnitude 
and coordinate direction angles of F. 


Force Vectors: By resolving F, and F> into their x, y, and = components, as shown in Fig. a. 
F, and F > can be expressed in Cartesian vector form as 
F, = 7500s 45° cos30°(+i) + 750.cos 45° sin 30°(+j)+ 750sin45°(—k) 
= [459.281 + 265.17j~530.33k]N 
F = F cosai+ Foos fj+ Foos 7k 


Resultant Force: By adding F, and F vectorally, we obtain Fp . Thus, 
Fr =F, +F 
—300i + 650j+ 250k = (459.281 + 265.17j— 530.33k )+ (F cos 0,i+ F c0s@ yj+ F cos 6k ) 
—300i + 650j+ 250k = (459.28 + F cos0, )i+ (265.17+ Fos 6, )j+ (Foos 8, —530.33)k 


Equating the i, j, and k components, 
—300 = 459.28 + Fos a 
F cosa = ~759.28 


650 = 265.17 + F cos B 
F cosB = 384.3 


250 = F cosy — 530.33 
F cosy = 780.33 


Squaring and then adding Eqs. (1), (2), and (3), yields 
F2(cos?a + cos? B +c0s 2y) = 1333 518.08 


However, cos? a +cos? 6 + cos? = 1. Thus, from Eq. (4) 
F =1154.78N =1.15kKN 


Substituting F = 1154.78 N into Eqs. (1), (2), and (3), yields 
a@=131° p=705° y =47.5° 
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2-70. If the resultant force acting on the bracket is to be 
Fr = {800j} N, determine the magnitude and coordinate 
direction angles of F. 


Force Vectors: By resolving F; and F into their x, y, and <components, as shown in Figs. b and c, 
respectively, F, and Fcan be expressed in Cartesian vector form as 
F, = 7500s 45° cos30°(+i) + 750 cos 45°sin 30°(+j)+ 750sin45°(—k) 
= (459.281 + 265.17j-—530.33k]N 
F = F cosoi+ Foos Bj+ Foos yk 


Resultant Force: By adding F, and F vectorally, Figs. a, b, and c, we obtain Fp. Thus, 
Fr =F, +F 
800 j= (459.281 + 265.17j— 530.33k)+ ( F cos ai + F cos fj + F cos yk) 
800j= (459.284 Foos a i+ (265.17 + F cos B)j+(F cos y = 530.33)k 


Equating the i, j, and k components, we have 
0 = 459.28 + Fy cosa 
F cosa = —459.28 


800 = 265.17 + F cosB 
F cos B = 5348 


0= F cosy ~—530.33 
F cosy = 530.33 


Squaring and then adding Eqs. (1), (2), and (3), yields 
F2(cos?a@ + cos? B +cos 2y) = 778 235.93 


However, cos? @ +cos? B + cos2y = 1. Thus, from Eq. (4) 
F = 882.17N =882N 


Substituting F = 882.17 N into Eqs. (1), (2), and (3), yields 
@=121° B=527 7 =53.0° 


z 
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2-71. If a = 120°, B < 90°, y = 60°, and F = 400 lb, 
determine the magnitude and coordinate direction angles 
of the resultant force acting on the hook. 


Force Vectors: Since cos7@ + cos” B +0087 y =1, then cos B = 41 cos? 120° cos 60° = 10.7071. 
However, it is required that B < 90°, thus, 8 = cos~!( 0.7071) = 45°. By resolving F; and F> into their x, y, and = 
components, as shown in Figs. a and b, respectively, F, and F2, can be expressed in Cartesian vector form as 


= 600 4 si < }oss0 3. 
K = 60{ 5 insane +603 “e+ oof 2 k) 


= {240i +415.69j-360k} Ib 
F = 400c0s 120° + 400.008 45°j + 400.cos 60° 
= {-2001 + 282.84) + 200k} Ib 


Resultant Force: By adding F and F vectorally, we obtain Fp. 
Fr =F, +F 
=(2A0i + 415.695 — 360k) + (—200i + 282.84j+ 200k) 
={40i + 698.53j— 160k} Ib 


The magnitude of Fp is 


Fe = Fads? + Fay? + Fee 
= a0)? + (698.53) +(-160)? = 717.74 Ib = 7181b 


The coordinate direction angles of Fp are 
as cos! [= oe) = 86.8° 


Fr 717.74 
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*2-72. If the resultant force acting on the hook is 
Fr = {—200i + 800j + 150k} lb, determine the magnitude 
and coordinate direction angles of F. 


Force Vectors: By resolving F; and F into their x, y, and components, as shown in Figs. a and b, 
respectively, F, and F> can be expressed in Cartesian vector form as 


4). 4 3 
F,= co 4 }inaorns ca $ o0%15)+ 600{ 2-4) 
={240i + 415.69j-360k} Ib 
F = F cosai+ Fos fj+ Foos jk 


Resultant Force: By adding F; and F> vectorally, we obtain Fp . Thus, 
Fr =F, +F 
= 200i + 800j + 150k =( 240i + 415.69j=360k )+ (F cos 6,i+ F cos6 yj+ Fos 0k ) 
— 200i + 800j+ 150k = (240+ Fos a)i + (415.69 + F cos B)j+(F cosy —360)k 


Equating the i, j, and k components, we have 
—200 = 240+ Fos 6, 
F cosa = -440 


800 = 415.69 + F cos B 
F cosB = 38431 


150 = Foos y — 360 
F cosy = 510 


Squaring and then adding Eqs. (1), (2), and (3), yields 
F2(cos*@ + cos? B +c0s 27) = 601392.49 


However, cos” a; +00s? B + cos?y = 1. Thus, from Eq. (4) 
F = 7715.49N =7/5N 


Substituting F = 775.49 N into Eqs. (1), (2), and (3), yields 
a=125 B=603° y=48.9° 
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e2-73. The shaft S exerts three force components on the 
die D. Find the magnitude and coordinate direction angles 
of the resultant force. Force F, acts within the octant shown. 


F, = 400i 
Thea 


Since cos” 60°' + cos* B, + cos* 60° = 1 


Fe =F +E + Fs = 5501+ 52:1j + 270k 


Fr = ¥ (S50 + (52.1P + (270) = 6149N =61SN Am 


Solving for the positive root, fh = 45° 

E, = 300 cos ‘60° i + 300 cos 45° j + 300 cos 60° k 
= 150i + 212.1) + 150k 

; 4 

y = - =-|k 

adic 200(5).4 + 200(3) 


= -160j + 120k 


2-74. The mast is subjected to the three forces shown. 
Determine the coordinate direction angles aj, Bi, y; of 
F, so that the resultant force acting on the mast is 


Fr = {350i} N. 

F, = 500 cosa, i + 500cosB,j + 500 cosy, k 

Fp =F, + (-300§) +(—200k) 

3501 = 500 cosa, i + (500 cosB, ~ 300)j + (500 cosy, — 200)k 


350 = 500 cosa, ; a, = 45.6° Ans 


0 = 500cosB, — 300; B, = 53.1° Ans 


0 = 50Ccosy, — 200; 1 = 664° Ans 
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2-75. The mast is subjected to the three forces shown. 
Determine the coordinate direction angles aj, Bi, y; of 
F, so that the resultant force acting on the mast is zero. 


F, = {500 cosa, i + 500cosf,j + 500 cosy, k} N 


E, = {-200k} N 

E, = {-300]} N 
R= +E +h =0 
‘500cosa, = 0; 
500cosB, = 300; 


500cosy, = 200; 


*2-76. Determine the magnitude and _ coordinate 
direction angles of F, so that the resultant of the two forces 
acts along the positive x axis and has a magnitude of 500 N. 


F, = (180 cos 15°) sin 60° i + (180 cos 15°) cos 60° j — 180 sin 15° & 


= 150.57 i+ 86.93 J- 46.59 k 
F= Rosmit+ hoshj+Rosnk 
Fy = (500i) N 
R= +e 
i components : 
500 = 150.57 + F, cos a 


F,, =F, cos @ = 349.43 
Thus, 


Fy = {Ri + Rj +i = ¥ (349.43) + (-86.93)* + (46.597 


R= 363N Ans 


j components : 
0 =86.93 + F cos 


Fi, =F; cos B, = -86.93 


” = 15.8 = Ans 


0 = -46.59 + F cos % fa = 104° Ans 


Fy, =F; cos ® = 46.59 n= 82.6 Ans 
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e2-77. Determine the magnitude and coordinate direction 
angles of F, so that the resultant of the two forces is zero. 


F, = (180 cos 15°) sin 60° + (180 cos 15°) cos 60° J - 180 sin 15° & 
= 190.571+86.93 j- 46.59 & 
Re Koea,i+ Rooshhj+Rosnk 
mae 
(components : kk components : 
0 = 150.57+F, cos a 0 = -46.59+F, cos % 


BR cosa, = -150.57 F cos # = 46,59 


, Fy = f(-150.57) + (-86.93)' + (46.5977 


0 = 86.93+F cos & 


F, cos fy = -86.93 
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2-78. Ifthe resultant force acting on the bracket is directed 
along the positive y axis, determine the magnitude of the 
resultant force and the coordinate direction angles of F so 
that B < 90°. 


Force Vectors: By resolving F, and F into their x, y, and zcomponents, as shown in Figs. a and 6, 
respectively, F, and F can be expressed in Cartesian vector form as 
F, = 600c0s30°sin30°(+i) + 600.cos 30°cos30 °(+j) + 600sin 30°(-k) 
={259.81i+450j— 300k} N 
F = 500cos ai + 500cos f+ 500cos7k 


Since the resultant force Fp is directed towards the positive y axis, then 
Fr = Frj 
Resultant Force: 
Fr =F, +F 
Fp j =(259.81i + 450j — 300k) + (500cos 0, 1+ 500 cos 8, j + 500cos 6,k ) 
Frj=( 259.81 + 500cos a) i + (450+ 500cos B )j + (S00cosy —-300)k 
Equating the i, j, and k components, 
0 = 259.81+ S00cosa 
@ =121.31° =121° 
Fr = 450+ 500co0s B 


0 = 500cos y — 300 
Y = 53.13° = 53.1° 


However, since cosa + cos” B +cos”y =1, @ = 121.31°, and y = 53.13°, 


cos B = +¥1— cos” 121.31°— cos” 53.13° = 10.6083 


If we substitute cos = 0.6083 into Eq. (1), 
Fr = 450 + 500(0.6083) = 754 N 


B = cos! (0.6083) = 52.5° 
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2-79. Specify the magnitude of F, and its coordinate 
direction angles a3, B3,y3 so that the resultant force 


Fz = {9j} KN. 


F, = 12cos 30°j — 12sin30°k = 10392j - 6k 


12 5 
= -—(10)i + — a ; 
B= -FUOi + [UO k = -9.2311 + 3.846k 


Require 
R= +F +F; 
10,392 j - 6k — 9.2311 + 3.846k +B; 
9.2314 — 1.392 j + 2.154k 
Hence, 


Fy = 9.581kN =9.58kN Ans 
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*2-80. If F; = 9 kN,O = 30°, and ¢ = 45°, determine the 
magnitude and coordinate direction angles of the resultant 
force acting on the ball-and-socket joint. 


Force Vectors: By resolving F, F2 and F3 into their x, y, and = components, as shown in Figs. 
respectively, F,, F2 and F3 can be expressed in Cartesian vector form as 
F, = 10.cos 60°sin30°(-i) + 10 cos 60° cos30°(+j) + 10 sin 60°(—k) 
={-25i+ 4.330j— 8.660k} kN 


F2= {2} Oj+ {= }+% 
={-48i+ 6.4K}KN 


F3 = 900s 45°sin30 (+i) + 9.008 45°cos30° (—j) + 9 sin 45°(-k) 
={3.182i— 5.51 1j—6.364k} kN 


Resultant Force: By adding F) , F> and F3 vectorally, we obtain Fr. Thus, 
Fr =F, +F, +F3 
= (-2.5i+4.330j— 8.660k) + (-4.8i+ 6.4k) + (3.182i—5.511j— 6364k) 
= {-4.118i—1.181j-8.624k} kN 


The magnitude of Fp is 


Fe = (Feds? + (Fey? +(Fr dz 
=n)? +(-1.181)? +(-8.624)* = 9.630 KN =9.63kKN Ans. 


The coordinate direction angles of Fr 
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e2-81. The pole is subjected to the force F, which has 
components acting along the x, y, z axes as shown. If the 
magnitude of F is 3 kN, B = 30°, and y = 75°, determine 
the magnitudes of its three components. 


cos’ a + cos*B + cos*y = 1 


cos” a+ cos”30° + cos*75° = 1 


@ = 64.67° 
F, = 3 c0s64.67° = 1.28 kN 
K, = 3 c0s30° = 2.60 kN 


FE, = 3 cos75° = 0.776 KN 


2-82. The pole is subjected to the force F which has 
components F, = 15kN and F, = 1.25 KN. If B = 75°, 
determine the magnitudes of F and F,,. 


cos” a + cos*B + cos*y = 1 


1.5)” 125\7 — 
(=) + cos?75° + (2) = 1 


F = 2,02 kN 


FE, = 2.02 cos7S° = 0.523 kN 
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2-83. Three forces act on the ring. If the resultant force Fp 
has a magnitude and direction as shown, determine the 
magnitude and the coordinate direction angles of force F3. 


Cartesian Vector Notation: 


Fz = 120{cos 45°sin 30° +cos 45°cos 30°} + sin 45°k} N 
= (42.431 + 73.48) + 84.85k} N 


4 
F, = wof 4 3h = (64.01 + 48.0k} N 


F, = {-110k} N 


Fr, = (K,i+5 j+5,k} N 
Resultant Force: 


F, =F, +F, +F 
{42.431 + 73.48} + 84.85k} 
= {(64.0+5, )i+5, j+(48.0-110+5, ) k} 
Equating i, j and k components, we have 


64.0+F, = 42.43 K, =~21.57N 
5, =73.48N 
48.0-110+5, =84.85 = 146.85 N 


The magnitude of force F, is 


K= VF +H +H 
= (-21.57)? + 73.482 + 146.852 


= 165.62 N = 166N 
The coordinate direction angles for F, are 


oe Be W257 
= 165.62 


*2-84. Determine the coordinate direction angles of F, 
and Fp. 


Unit Vector of F, and Fy: 
F,=110N 


u 4438 0.85 + 0.6k 
i 5 5 ye! je 


Uz = COS 45°sin 30°i + cos 45°cos 30°j + sin 45°k 
= 0.35364 + 0.6124j + 0.707 1k 


Thus, the coordinate direction angles F, and F, are 
cos Gr = 0.8 Gr, = 36.9° 
cos 7, =0.6 Yr, = 53.1° 


cos Gp = 0.3536 az = 69.3° 
cos Bp =0.6124 B, =52.2° 
cos ¥g = 0.7071 = vg, = 45.0° 
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e2-85. Two forces F, and F, act on the bolt. If the resultant 
force Fp has a magnitude of 50 Ib and coordinate direction 
angles a = 110° and 6 = 80°, as shown, determine the 
magnitude of F, and its coordinate direction angles. 


(1)? = cos?110° + cos*80° + cos” 
y = 157.44° 

ReK+kz 

50 cos110° = (K), 

50 cos80° = (K), 


50 cos157.44° = (K), — 20 


(K), = —17.10 


(), = 868 


(KH), = —26.17 


¥(-17.10)? + (8.68)? + (-26.17)2 = 32.4 Ib 


‘4-17.10 6 
= ‘ommmmes) mE Ans 
cos” ( 324 ) = 122 


| ae 
= cos (a = 74.5 


-26.17 


= ° 
324 = 14 


= cos 


2-86. Determine the position vector r directed from point 
A to point B and the length of cord AB. Take z = 4m. 


Position Vector: The coordinates for points Aand B are A(3, 0, 2) m and B(0, 6,4) m, 
respectively. Thus, 
trap = (0-—3)i+(6—0)j+(4-2)k 
={31+6j+2k}m 


The length of cord AB is 


TAB = (3)? +62 +2? =7m 
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2-87. If the cord AB is 7.5 m long, determine the 
coordinate position +z of point B 


Position Vector: The coordinates for points Aand B are A(3, 0, 2) m and B(0, 6, =)m, 
respectively. Thus, 
rap = (0-—3)i+ (6—0)j+(2-2)k 
={3i+6j+(<-—2)k} m 


Since the length of cord is equal to the magnitude of raz , then 


rap = 75= 4-3)" +62 +(c- 2) 


56.25 = 45 +(<-2)? 
2-2=43354 
2=535m 


*2-88. Determine the distance between the end points A 
and B on the wire by first formulating a position vector 
from A to B and then determining its magnitude. 


tap = (8 sin 60° —(-3 sin 30°)) 1 + (8 cos 60° ~ 3 cos 30°) J + (-2 - I)k 


Fas = (8.4281 + 1.402) -3 k) in 


Tap = ¥ (8.428) + (1.402) + (3) = 9.06 in. Ans 
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e2-89. Determine the magnitude and _ coordinate 
direction angles of the resultant force acting at A. 


Unit Vectors: The coordinate points A, B,and C are shown in Fig. a. Thus, 
(3=0)i+(-3= 0)j+(2.5=-4)k 


Ups - 3B 7 
B {e-0/ +(-3-0)? +(2.5- 4)” 


2,2, 1 
=3'-3)-3* 
& __(2-01+(4- 0+ 0-4)k 


C (2-0) +(4-0)? + (0-4)? 
i,.2..2 
=sit+Sj-<k 
3393 


a= 


Force Vectors: Multiplying the magnitude of the force with its unit vector, we have 


2,2. 1 
Fp, = Fpuz = 60 31-2) 51} = 4001 400}-200%) Ib 


Fo =ipuc = 73i{4i+2j-Zn) = (250i 500} — 500K} Ib 


Fr = Fg +Fo = 400i — 400j- 200k + 250i + 500j— 500k 
Fp = {650i + 100j—700k} Ib 


Fp = ¥650" +1007 +(-700)* = 960 Ib 


y 
B(3 3,25) ft 


Fo = 750 Ib 
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2-90. Determine the magnitude and coordinate direction 
angles of the resultant force. 


tap = (-2j-4k}m; rig =4.472m 


aia = (4) = - 0.447j - 0.894 k 
TAB 


Fus = 600u49 = (~ 268.33 j - $36.66K}N 


tac = (41+6j-4k)m; mc =8.246m 


tc = () = 0.485 1 + 0.728j - 0.485 
Fac 


Fac 2 S00 aac = (242.541 + 363.80] -— 242.54k}N 
Fe = Fys + Fac 


= (242.541 + 95.47j ~ 779.20k} 


2 (242.54 + (95.47)? + (-779.20)? = 821.64 = 822N 
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2-91. Determine the magnitude and coordinate direction 
angles of the resultant force acting at A. 


Force Vectors: The unit vectors u g and uc of Fg and Fc must be determined first. From Fig. a 
(4.5sin45° = 0)i + (=4.500845° = 0)j+ (0=6)k 
(4.5sin45° —0)* + (—4.5c0s 45° - 0)” +(0-6)* 
= 0.4243 - 0.4243j-0.8k 
to* E __ (3-0) + (-6— 0)j+ (0-6) k 
c -3- 0)? + (6-0)? +(0-6)? 


1, 2, 2 
=—gi-3i-3k 


upg = 3B 
7B 


Thus, the force vectors Fg and F¢ are given by 
Fp = Fpa g = 900(0.4243i — 0.4243j -—0.8k) = {381.841 —381.84 j-720k}N 


Fc =Fuc = ooo(—31-25-Zx) = 2001 400j—400k}N 


Resultant Force: 


Fr =F +Fo =(381.841-381.84 j— 720k) + (-200i — 400j— 400k) 
={181.84 i-781.84j—- 1120k}N 


The magnitude of Fp is 


Fr = fer x? + (Fp dy? + (Fp)? 
= 181.84)? + (-781.84)? +(-1120)? = 1377.95 N =138kN 


The coordinate direction angles of Fp are 


Fr 1377.95 


g= cot is oo 82.4° 
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*2-92. Determine the magnitude and coordinate direction 
angles of the resultant force. 


F, = ~ 100() sin 40° i + 100(3) cas 40° 5 ~ 100(+) & 
= (-38.5671 + 45,963) - 80k} Ib 


4 
9 


ef) 


F; = 81 10( 


= {36 1-63] ~ 36% }ib 


Fp 2 Fi + & = (-2,567i - 17.04j - 116.0k} b 


Fa = ¥(-2.567)? + (-17.04)? +(-116.0)? = 117.27 b= 1171b Ans 


172-567) _ 9, 0 
a=cos (=) 91.3° Ans 


f= con (=17.08 


mame |S 4° 
TH) =e oe 


GUA) 


e2-93. The chandelier is supported by three chains which 
are concurrent at point O. If the force in each chain has a 
magnitude of 60 lb, express each force as a Cartesian vector 
and determine the magnitude and coordinate direction 
angles of the resultant force. 


(4 cos 30° i — 4 sin 30° j - 6k) 


of (4 cos 30°)? ‘+ (-4sin 30° + (- 6)? 


= (28.81 -16.6j — 49.9k} Ib Ans 


KR = 0 


(— 4.cos 30° i — 4sin 30° j - 6k) 


¥(- 4 cos 30°? + (-438in 30°? + (- 6? 


= (-28.81-16.6j~-49.9k}ib Ans 


EK = 6&0 


69 41 = 5k) 


(4F + CO 


(33.3 j — 49.9k} Ib “Ans 


Fc 


R= R + F + Fo = {+149.8-k} Ib 
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2-94. The chandelier is supported by three chains which 
are concurrent at point O. If the resultant force at O has a 
magnitude of 130 lb and is directed along the negative z axis, 
determine the force in each chain. 


Fe = F448 - 05547 Fj - 0.8321 Fk 


y¥4 + (-6)? 


FE, = Fy = Fe 


Fe =ER;  130= 30.8321 F) 


F= 521i Ans 


2-95. Express force F as a Cartesian vector; then 
determine its coordinate direction angles. 


Unit Vector : The coordinates of point A are F= 135 lb A 
10 ft 


A(-10cos 70°sin 30°, 10cos 70°cos 30°, 10sin 70°) ft Age J 


=A(~1.710, 2.962, 9.397) ft 30° 


! 


Then 
fag = {[5—(-1.710)] i+ (-7 — 2.962) j + (0-9.397) k} ft 
= {6.7101 - 9.962} -9.397k} ft 


yp = V6.T10+ (-9.962)* + (-9.397)* = 15.250 ft 


a, = Tae, 6:7101-9.962) - 9.397 
Ae las 15.250 


= 0.44005 - 0.6532} -0.6162k 
Force Vector: 


F = Fay, = 135{0.4400i - 0.6532) —0.6162k} Ib 
= {59.4i - 88.2) -83.2k} Ib Ans 


Coordinate Direction Angles ; From the unit vector uy, obtained 
above, we have 


cos @ = 0.4400 a= 63.9° 
cos B = -0.6532 B=131° 
cos ¥ = -0.6162 y= 128° 
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*2-96. The tower is held in place by three cables. If the 
force of each cable acting on the tower is shown, determine 
the magnitude and coordinate direction angles a, B, y of 
the resultant force. Take x = 20m, y = 15m. 


Fp & Fy, + Fos + Foc 


2 


= {321.661 — 16.825 — 1466.71k} N 


Fy = ¥ (321.66)2 + (-16.82)2 + (—1466.71)2 


= 1501.66 N = 1.50 kN Ans 
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e2-97. The door is held opened by means of two chains. If 
the tension in AB and CD is F,4 = 300N and Fc = 250N, 
respectively, express each of these forces in Cartesian 
vector form. 


Unit Vector : First determine the position vector r ,, and tcp. The coordinates of 
points A and C are 


A[0, -(1+1.Scos 30°), 1.Ssin 30°] m=A(0, -2.299, 0.750) m 
C[-2.50, -(1 + 1.Scos 30°), 1.Ssin 300°] m = C(-2.50, 2.299, 0.750) m 


Then 


rag = {(0-0)4+(0-(-2.299)] J+ (0- 0.750) k} m 
= (2.299-0.750k} m 


rag = 42.2992 + (0.750)? = 2.418 m 


2.299j - 0.750k 
—————_——wae -0.3101k 
248 = 0.9507j-0. 


Fop = {[-0.5 - (-2.5)] i+ [0- (-2.299) ] j+ (0- 0.750) k} m 
= {2.008 + 2,299j -0.750k} m 


op = 12.00 + 2.2992 +(-0.750)" = 3.138 m 


Feo _ 2001+ 2.299} = 0.750 _ 4 63934 +0.7326)-0.2390k 


Ucp = — = 


Teo 3.138 


Force Vector: 


E, = Fyty, = 300{0.9507j-0.3101k} N 
= {285.21 -93.04k} N 
= {285}-93.0k} N 


Fo = Feticp = 250{0.6373i + 0.7326) - 0.2390k} N 
= {159.33i + 183,15j-59.75k} N 
= {159i + 183j— 59.7k} N 


2-98. The guy wires are used to support the telephone 
pole. Represent the force in each wire in Cartesian vector 
form. Neglect the diameter of the pole. 


Unit Vector: 


tac = {(-1-0)i+ (4-0) j+(0-4)k} m= {-1i+4j—-4&} m Force Vector: 


rae 2 V(-1) +42 + (4)? = 5.745 m E, = Fyttac * 250{—0.17414 +0.6963j - 0.6963k} N 
on +S 4 a 174144.0:6968) 0.69638 = {43.521 + 174.08) - 174.08k} N 
3.745 = {43.51 +174) = 174k} N 


Fpp 2 {(2—0)i+(-3-0)j+(0-5.5)k} m= (21-3)-5.5k} m Fy = Fygn = 175{0.30411 ~ 0.4562} -0.8363k) N 


rap = V2? +(-3)" +(-5.5)* = 6.576 m = {53.224 - 79.83} — 146.36k} N 


-3j- = {53.2)-79.8}- 146k} N 
aie 2 = a == 2 0.30411 0.4562) ~0.8363% 
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2-99. Two cables are used to secure the overhang boom in 
position and support the 1500-N load. If the resultant force 
is directed along the boom from point A towards O, 
determine the magnitudes of the resultant force and forces 
F, and F.. Set x = 3mandz = 2m. 


Force Vectors: The unit vectors a p and ac must be determined first. From Fig. a, 


ap = HB (PE Mi+O- OJ+G-OK_ __2, 65,3, 
a 77 9 


B {2-0 + 0-6 +(3-07 
ag = = -GaMl+ 0- 6)j+(2-0)k = 31 $5428 
TC (3-0)? + (0-6)? +(2- 0)? 
Thus, the force vectors Fz and Fc are given by 
2 6 3 
Fg = Fg 3 =~>Fei-7Fej+ 5 Fak 
3 6 2 
Fo =Fouc ==Fci-—Foj+ — Fok 
ic = eee =Shcl-sFcl+ akc 
Since the resultant force Fp is directed along the negative y axis, and the 
load W is directed along the < axis, these two forces can be written as 


Fr =—Fri and W =[-1500k] N 


Resultant Force: The vector addition of Fz , Fc, and W is equal to Fr . Thus, 
Fr =Fg +Fo+W 


2 6 3 3 6 2 
-Fai=(-2Ft-Srai+3rax)+(3rct-$re4+2 Fok) +¢ 1500k) 


2 3 6 6 3 2 h 
-Fpi=|-= = -=—Fp-— = =F - 1500 
Frj ( 7fB +34 \+{ 7B Src \t+(3re +2 


Equating the i, j, and k components, 


2 3 
0=-2 he += 
7 B 7 Cc 


6. 6 
Fr =-5¥a-5 Fe 


3 2 
== =Fc - 1500 
Fa +sFc 1 


Solving Eqs. (1), (2), and (3) yields 
Fo = 1615.38N =1.62KN 
Fp = 2423.08 N =2.42 kN 
Fr = 3461.53N = 3.46kN 
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*2-100. Two cables are used to secure the overhang boom 
in position and support the 1500-N load. If the resultant 
force is directed along the boom from point A towards O, 
determine the values of x and z for the coordinates of point 
C and the magnitude of the resultant force. Set 
Fz = 1610 N and Fc = 2400N. 


Force Vectors: From Fig. a, 


_ _(-2+ i+ 0-6 j+G-OK _ 2, 6.3 
7 =~ Fi-Sj+sk 


(-2 -0)? + (0-6)? +(3-0)" 
(x- 08+ (0-6)j+(c-O)k _ 


x 6 : 
= i- j+ = k 
fox 0)? + (0-6)? +(2- OF Teer 436 de ac'436 Te 4+27 +36 
2. 6,3 
Fp = Fpuz = toro -21-$5+ 3) [460i — 1380j + 690k]N 


6 - 
Fo =feu = “ i- i+ - 
24 qe+2 +36 Ye? + 27436 qe+ =? +36 C63, 0,2)m 


14.400 


_ 24008 jee 
Landes Yet + <2 +36 dtseas 


Since the resultant force Fp is directed along the negative y axis, and the load 
is directed along the c axis, these two forces can be written as 


Fr =-Frj and W =[-1500k] N 
Resultant Force: 


Fr =Fg +Fo+W 


—Fprj= (460i — 1380j+ 690k )+ Sk | + (-1500k) 
x +27 436 x +27 +36 


——_ so 


+27 +36 


Dividing Eq. (1) by Eq. (3), yields 
x = 0.5679: 
Substituting Eq. (4) into Eq. (1), and solving 
= =2.197m=2.20m 
Substituting < = 2.197 m into Eq. (4), yields 
x= 1248m=1.25m 
Substituting x = 1.248 m and = = 2.197 m into Eq. (2), yields 
Fr = 3591.85 N =3.59kN 
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e2-101. The cable AO exerts a force on the top of the pole 
of F = {—120i — 90j — 80k} lb. If the cable has a length of 
34 ft, determine the height z of the pole and the location 
(x, y) of its base. 


F = ¥(-120)? + (-90)? + (-80)? = 170 ib 


2120, _ 90) _ 0 
F 170 170 170 


r= 34u = (-241- 18j - 16k) ft 
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2-102. Ifthe force in each chain has a magnitude of 450 Ib, 
determine the magnitude and coordinate direction angles 
of the resultant force. 


Force Vectors: The unit vectors u 4, ag, and uc must be determined first. From Fig. a, 
(=3sin 30° = 0)i + (3.00830° = 0)j+ (0 -7)k 


-3sin30° - 0)? + (3cos 30° — 0)? +(0-7)7 


0g = ee oe NORTE. 01970-03411) -0.9191k 


(-3sin30° - 0)” + (—3cos 30° — 0)” +(0- 7)? 
¢ = Gait 0- H)+O-7k 


(3—0)* +(0-0)* +(0- 7)” 


a,4= = -0.1970i+0.3411j—0.9191k 


= 0.39391 — 0.9191k 


Thus, the force vectors F, , Fp , and Fc are given by 
Fa = Fau, = 450(-0.1970i + 0.3411j—0.9191k) = {-88.63i + 153.51j—413.62k} Ib 
Fg = Fgug = 450(-0.1970i — 0.3411j—0.9191k) = {-88.63i — 153.51j-—413.62k} Ib 
Fo = Fouc = 450(0.3939i —0.9191k) ={ 177.261 — 413.62k} Ib 

Resultant Force: 


Fr =F, +Fp +Fe = (-88.63i + 153.51j— 413.62 k) + (-88.63i — 153.51j—413.62k) + (177.26i— 413.62k) 
={=1240.85k} Ib 


The magnitude of Fp is 


Fe = (Fp)? + (Fay? + FRE 
={0 + 0? +(—1240.85)? = 1240.85 Ib = 1.24 kip 


The coordinate direction angles of Fp are 
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2-103. If the resultant of the three forces is 
Fr = {—900k} lb, determine the magnitude of the force in 
each chain. 


Force Vectors: The unit vectors u 4, Ug, anduc must be determined first. From Fig. a, 
(-3sin 30° — 0)i + (3 cos 30° — 0)j + (0 —7)k 


u, = = -0.1970i + 0.3411j— 0.9191k 
Ta sin 30° — 0)? + (3cos 30° — 0)? +(0-7) 


{Sein 30" = Oi + (-S ccs 30° — OO 7K 0 19704-0.3411j-0.9191k 
(-3sin30° -— 0)” + (—3cos 30° — 0)* +(0- 7)” 
_ (3-0)i+ (0- 0)j+(0-7)k 


uc 
3-07 +(0-0)* +(0- 7)” 


Thus, the force vectors F4 , Fz , and Fc are given by 
F, = Fgu, =-0.1970F git 0.341 1F 4 j—0.9191F4k 
Fz = Fgug = -0.1970F gi— 0.341 1F pg j—0.9191F pk 
Fo = Fouc = 0.3939Fci-0.9191 Fok 


up= 


= 0.39391 — 0.9191k 


Resultant Force: The vector addition of F4 , Fg, and Fc is equal to Fr. Thus, 
Fr =F, +Fp +Fo 
—900k = (—0.1970F, i+ 0.3411F,4 j—0.9191F, k) + (-0.1970 Fpi— 0.341 Fp j— 0.9191 Fg k)+ (0.3939F ci —- 0.9191Fok) 
—900k = (—0.1970F, —0.1970Fg + 0.3939 FO )i+ (0.341 1F 4 — 0.341 1Fg )j+(-0.9191F, —0.9191 Fp — 0.9191 FC )k 


Equating the i, j, and k components, 
0=-0.1970F, — 0.1970 Fg + 0.3939Fo 
0= 0.3411F, —0.3411Fp 
—900k = -0.9191F, — 0.9191 Fp — 0.9191Fo 


Solving Egs. (1), (2), and (3), yields 
Fa = Fg = FO = 3261b 
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*2-104. The antenna tower is supported by three cables. If 
the forces of these cables acting on the antenna are 
Fp, = 520N, Fc = 680N, and Fp = 560N, determine the 
magnitude and coordinate direction angles of the resultant 
force acting at A. 


)- s20(- <4 - =) = -200J - 480k 


16, 18, 26 
Sc) = o00( iE 1+ 22) - Hx) = 3205+ 360) - 480k 


) = — 2401+ 160j - 480k 
28 


= IF = (804 + 320j -1440k} N 
Fy = (80 + 320" + (- 1440) = 1477.3 = 1.48kN Ans 


as cos"'(—-) = 869° Ans 
1477.3 


p= cos" (=) 277° Ans 
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e2-105. If the force in each cable tied to the bin is 70 lb, 


determine the magnitude and coordinate direction angles 
of the resultant force. 


Force Vectors: The unit vectors u 4,03, Uc andu p of F,4, Fg, Fc and Fp must be determined first. 
From Fig. a, 


_™ ~_3-Oi+(2-0)j+(0- 6k _ 3 


= tee te 
A (3-0)? + (-2- 0)? + (0-6)? 


(3-0)i+(2- 0)j+(0 -6)k 


32 6 
anttaj=—k 
3-0)? + (2-0)? +¢0- 692 7 7 7 


wubpetyoee 
(-3- 0)? +(2-0)7+00-62 7 7 7 
(3-08+(-2- Hj+(0-6Hk_ __ 3, 2, 6, 
i ee er Me 
3-0)” +(-2-0)? +(0-6)? 


Thus, the force vectors F4 , Fg , Fc and Fp are given by 


Fy = Fat, = n{31-2)- $n) =(201- 20j— 60k] Ib 


Fp = Fag = nf 31+ 25- $x) (201+ 20} — 60k} Ib 

a 3,2, 6 

C =Foac = ~gitsi-sk = [-30i+ 20j— 60k} Ib 
Fo = Foup=74 -21-25-Sx)= [-30i-20j- 60k}1b 


Resultant Force: 


Fr =F, +Fg +Fc +Fp = (30i-20j— 60k) +(30i+ 20j- 60k) + (-30i + 20j — 60k) +(-30i— 20j- 60k) 
={-240k}N 


The magnitude of Fp is 
Fr = fe eg? + (Fry? + (FR dz” 
={o+ 0+(-240)* = 240 Ib 


The coordinate direction angles of Fp are 


A (3, -t, 2) 


x p(s,2,0dHt 
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2-106. If the resultant of the four forces is 
Fr = {—360k} lb, determine the tension developed in 
each cable. Due to symmetry, the tension in the four cables 
is the same. 


Force Vectors: The unit vectors u 4, Ug, Uc anduU p of F4, Fp, Fo and Fp must be determined first. 
From Fig. a, 
_%% _ (3-0)i+(-2- 0)j+(0-6)k 


UA —_—s= 
TA 3-0)? +(-2-0)7 +(0- 6)" 
Tp _ _(3- Oi+(2-0)j+0-Ok_ _ 3, ,2 
"B Te- 0)? +(2— 0)? + (0-6)? 
(-3- 0)i+ (2- 0)j+(0-6)k 


(-3—0)” +(2-0)? +(0- 6)” 
_ Fp __(3- 0i+(2-Oj+(0- 6k _ 3, 


UD 
D 3-07 +(-2-0)2+0-6" 7 


Since the magnitudes of F4 , Fg , Fc and Fp are the same and denoted as F, they can be written as 


ee 
7 


3. 2. 6 
F, = Fau, = 7i-7j-7k 


3,,2, 6 
Fp = Fpug =F 31+25-$x) 


3.,2, 6 
Fo =Fouc -“(-31+2 $x) 


3 2 6 
= = F| -=i-~j-—k 
Fp = Fpup r( qi- 35-5 


Resultant Force: The vector addition of F4 , Fg, Fc and Fp is equal to Fr. Thus, 
Fr =F, +Fgpt+Fo+Fp 


ead omc Gaeta eee ade 


F =1051b 
D-3,-2,0) ft 


fod 0-3, 2,0) ft 
clagool> 


k pcs aodtt 
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2-107. The pipe is supported at its end by a cord AB. If the 
cord exerts a force of F = 12 lb on the pipe at A, express 
this force as a Cartesian vector. 


Unit Vector : The coordinates of point A are 


A(5, 3cos 20°, —3sin 20°) ft =A (5.00, 2.819, - 1.026) ft 


Then 
ty = {(0-5.00)i+(0-2.819)j+[6—(~1.026)] k} ft 
= {-5.00i - 2.819} +7.026k} ft 


rug = ¥(—5.00)? + (-2.819)? + 7.026 = 9.073 fit 


Fg _ -5.00i - 2.819} +7.026k 
uy, = — = — 
ran 9.073 


= -0.5511i-0.3107j + 0.744% 


Force Vector: 


F = Fug, = 12{-0.5511i — 0.31075 + 0.7744k} Ib 
= {-6.61i — 3.73} +9.29k} Ib 


*2-108. The load at A creates a force of 200 N in wire AB. 
Express this force as a Cartesian vector, acting on A and 
directed towards B. 


Pag = (1sin30° —0)i+ (1cos30° ~0)j+(2-0)k 
= (0.51 + 0.866) + 2kjm 


rag ¥(0.5 + (0.866 + (2% = 2.236m 


nx () = 0.22361 + 0.3873) + 0.8944 k 


F = 200a,, = (44.71+77.5}+ 179K} N . A 
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e2-109. The cylindrical plate is subjected to the three cable 
forces which are concurrent at point D. Express each force 
which the cables exert on the plate as a Cartesian vector, 
and determine the magnitude and coordinate direction 
angles of the resultant force. 


4 = (0-0.75)i+ (0-0)j+(3- Op = {-0.75 1+0 J+3k} m 


vs 2 ¥ (-0.757 +02 +32 = 3.0923 m Fe =F, +F, +Fe 


R= n(#)=0( 25 3k) ={~1.4552 i+ 5.8209 k} + {0.9701 i~ 1.6803 j+7.7611k} 
™ 3.0923 
+ {0.8575 1+0.8575 j+4.8507 k} 


os {-1.4552 i+ 5.8209 k} kN 
{0.3724 1-0.8228 J+ 18.4327 k} kN 


Fe = ¥ (0.3724)? + (-0.8228)2 + (18.4327)* 


= 18.4548 KN = 18.5 kN 


= {-1.46 1+ 5.82 k} kN Ans 
Fc =[0-(-0.75 sin 45°)]i+[0-(-0.75 cos 45°)]j + (3-0) 


= {0.5303 1+ 0.5303 j+3 k} m 
Fe _ 0.37244— 0.8228) + 18.4327 


ro = 40.5303)? + (0.5303)? + 3? = 3.0923 m 18.4548 


; 0.020181-0. 

Re r(f)= s(t a9 j+3 ‘) = 04459} +0.9988% 
rc 3.0923 

= {0.8575 1+0.8575 j+4.8507 k} KN wanes ar 


= {0.857 1+0.857 j+4.85 k} kN Ans coef = ~0.04458 B=92.6° 


= 0.9988 wae 
v. =[0-(-0.75 sin 30°) }i+ (0-0.75 cos30°)j+(3~-0)k cosy y=2.81 
= {0.375 i-0.6495 J+3 k} m 


ry = ¥ (0.375)? +(-0.6495 +3 = 3.0923 m 


(22tsino.cerss3 :) 
3.0923 


nen(t 


= {0.9701i- 1.6803] +7.7611k} kN 


= {0.9701— 1.68j+7.76%} kN 
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2-110. The cable attached to the shear-leg derrick exerts a 
force on the derrick of F = 350 lb. Express this force as a 
Cartesian vector. 


Unit Vector : The coordinates of point B are 


B(SOsin 30°, SOcos 30°, 0) ft= B(25.0, 43.301, 0) ft 


Fag = {(25.0-0)i+(43.301 -0)j+ (0-35) k) ft 
= {25.01 +43.301j-35.0k} ft 


rag = ¥25.02 + 43.3012 + (-35.0)* = 61.033 ft 


— Tap 25.05 + 43.301j -— 35.0k 


Tas 61.033 
= 0.4096i + 0.7094j - 0.5735 


Force Vector: 


F = Fu,, = 350{0.4096i + 0.7094j-0.5735k} Ib 
= {143i +248j-201k} Ib 


2-111. Given the three vectors A, B, and D, show that 
A:(B + D) = (AB) + (A:D). 


Since the component of (B + D) is equal to the sum of the components of B and D, then 
A:(B+D) = A-B+A-D (QED) 

Also, 

A-(B+D) = (Ai +A,j + Ak): [(B, + Dy)i + (B,+D,)j + (Be + D,)&) 


= A,(By + Dz) + A,(B, +D,) + A(B, + Dz) 


= (ABs + AyBy + AB)+ (ADs + AD, + AD.) 


= (A-B) + (A-D) (QED) 
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*2-112. Determine the projected component of the force 
F 4p = 560 N acting along cable AC. Express the result as a 
Cartesian vector. 


Force Vectors: The unit vectors u 4g and u 4c must be determined first. From Fig. a, 
(-1.5- 0)i+(0-Jj+-Ok __ 3, 6, 2 


-si-sjtsk 
(-1.5 -0)* +(0-3)? +(1-0)” 


a OF 
— oo SAS (1.5 —0)i+ (O— 3)j+(3-0)k 


1 
qa.s-07+(0-3)7+3-0% 3 


Thus, the force vector Fp is given by ~ 


5 & 2 
Fap = Fap wap = sof -21-$ +24 | =(-2401— 480)+ 1604 )N 


Vector Dot Product: The magnitude of the projected component of Faz is 


3° 3 


=e) -S) ef) 


= 346.67N 


(Fap)ac = Fap “tac = (-240i- 480j+ 160x)(41-24+2%) 


Thus, (Fg )4c expressed in Cartesian vector form is 


(Pap ac = (Fae Jac Wac = 34664 21-2424] 


= (116i -— 231j+231k]N 
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e2-113. Determine the magnitudes of the components of 
force F = 56 N acting along and perpendicular to line AO. 


Unit Vectors: The unit vectors u 4p and u 4g must be determined first. From Fig. a, 
mp _ [0-C1.5)§+(0-3j+(2-Dk 3, 6, 2 


up = -42.= = 21-2 j+ 5k 
"AD {o-c1 57 + 0-3) +@0-1 _ os 


{0- (-1-5)}+(0-3j+(@-Dk _ 3; 


Thus, the force vector F is given by 


F= Fup = 56 21-S5+24)- (241-485 + 16k]N 


Vector Dot Product: The magnitude of the projected component of F parallel to line AO is 
3, 6, 2 
=F. = (24i-48j+ 16k)) =i-—j-=k 
40 ) paral ayo = ( j+ (3 74 2x) 


n(n 8}0( 4 


= 46.86 N = 46.9N 


The component of F perpendicular to line AO is 


40 ) per = fF —(F 40) paral 
= 156 — 46:86 


= 30.7N 
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2-114. Determine the length of side BC of the triangular 
plate. Solve the problem by finding the magnitude of rp_; 
then check the result by first finding 0, r,,, and r4. and 
then using the cosine law. 


tec #{(31+2j-4k} m 


rec 2 4G) +(2) +(-4) 35.39m = Ans 


Also, 


tac = {31+4j-lLk} m 


rac #4 (3) + (4¥ +(—1) = 5.0990 m 


ta 2{2j+3k} m 


rag = ¥ 2) +(3P = 3.6056 m 


fac’ Tap 2 0+4(2)+(-1)(3) 25 


O= cow's) =cos7?—___>___ 
Factas (3.0990) (3.6056) 


62 74,219 


rac = (5.0990) + (3.6056)* ~ 2(5.0990) (3.6056) cos 74.219° 


fac 25.39 m ‘Ans 
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2-115. Determine the magnitudes of the components of 
F = 600 N acting along and perpendicular to segment DE 
of the pipe assembly. 


Unit Vectors: The unit vectors u fz and up must be determined first. From Fig. a, 
Tep _ (0=4)+(2=5)j+ [0 -(-2)]k 


a3 =—= = —0.7428i — 0.5571 j+0.3714k 
TEB 2 2 2 
to_4) +(2~5)° +[0-(-2)] 


aEp=-j 


Thus, the force vector F is given by 
F = Fu gg = 60 -0.7428i — 0.5571j+ 0.3714k) = [445.661 — 334.25j+ 222.83] N 


Vector Dot Product: The magnitude of the component of F parallel to segment DE of the pipe assembly 
is 


(Fep paral =F “agp = (~445.66i - 334.25j + 222.83k)-(-j) 
= (445.66) 0) + (334.25) -1) + (222.83)(0) 
=334.25 = 334N 


The component of F perpendicular to segment DE of the pipe assembly is 


(FED )per = fF? — (ep paral? = Voo0? - 3342 = 498N 


~~ Ved E(4,F,-z)m 
(a) 
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*2-116. Two forces act on the hook. Determine the angle 
6 between them. Also, what are the projections of F, and F, 
along the y axis? 


F, = 600 cos 120° i + 600 cos 60° j + 600 cos 45° k 
= - 300i + 300j + 4243k; Fi = GOON 


F, = 1201+ 90} - 80k: Fj = 170N 


F, - F, = (— 300) (120) + (300) (90) +(424.3) (— 80) = - 42944 


“1 ( — 42944 
(170) (600) 


) = 115° Ans 


F, = {120i + 90j — 80k}N 


A, = F -§ = (300)(1) = 300N Ans 


Ry =F -j = (90)(1)=90N Ans 


e2-117. Two forces act on the hook. Determine the 
magnitude of the projection of F, along F). 


F, = {120i + 90j — 80k}N 


u, = cos 120° 1 + cos 60°j + cos 45° k 
Proj F, = F; - w, = (120) (cos 120°) + (90) (cos 60°) + (-80) (cos 45°) 


|PropA,|= 716N Ans 
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2-118. Determine the projection of force F = 80 N along 
line BC. Express the result as a Cartesian vector. 


(2— 2)i+ (0 —2)j+ (1.5 —0)k 


w pp = TED. =-(25 20+ 0=2)j+05—Ok___4 
™D 2-2)? +(0- 27 +1. 5-0)" 

og a a eee ren IG =O NIT 
"FC 4-2 +(0-2)? +(0- 0)? 


Thus, the force vector F is given by 


F= Fay = ao -4)+3x) [-64j+48k JN 


Vector Dot Product: The magnitude of the projected component of F along line BC is 


Fac = F-a pc = (-64j+48k) -(0.7071i - 0.7071)) 
= (0)( 0.7071) + (—64)(—0.7071) + 4&0) 


=45.25 = 45.2N 


The component of Fgc can be expressed in Cartesian vector form as 
Fao = Fp (6 pc )= 45.25(0.707 li — 0.70713) 
= {32i-32j}N 
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2-119. The clamp is used on a jig. If the vertical force 
acting on the bolt is F = {—500k}N, determine the 
magnitudes of its components F, and F, which act along the 
OA axis and perpendicular to it. 


Unit Vector : The unit vector along OA axis is 


-si-2j-5 


“40 (0-20? +(0-40)' (0-4? 3S 


Projected Component of F Along OA Axis: 


_ (0-20)i+(0-40)j+(0-40)k _ 1 2 
3 


-o()xo(3)+-sm(3) 
= 333.33 N =333N Ans 


Component of F Perpendicular to OA Axis : Since the magnitude of 
force F is F = $00 N so that 


R= (F?-F = (500 —333.33 = 373 N 
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*2-120. Determine the magnitude of the projected 
component of force Fy p acting along the z axis. 


Unit Vector: The unit vector a4, must be determined first. From Fig. a, 
(18= 0 + (=12= 0)j+ (0 =36)k 


(18— 0)? +(-12 -0)” +(0— 36)” 


3. 2. 6 
a hay adit 


Thus, the force vector Fp is given by 
6 


Fas = Fap tap = 704 31-2 j-$i} = (3001-2003 600%) ib 


Vector Dot Product: The projected component of F4z along the =< axis is 
(Fag )z = Fag -k = (300i — 200j— 600k)-k 
=-600 Ib 


The negative sign indicates that (F4z ), is directed towards the negative = axis. Thus 


(Fag )z = 600 Ib Ans. 
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e2-121. Determine the magnitude of the projected 
component of force F ,~ acting along the z axis. 


Unit Vector: The unit vector a4- must be determined first. From Fig. a, 
Tc _ (12sin30° = 0)i + (12.cos30° — 0)j+ (0 — 36)k 


a4 = 
TAC qci2sin30°—0) + (12.cos 30°—0)* +(0- 36)” 


Thus, the force vector Far is given by 
Fac = Fac aac = 600(0.1581i + 0.2739 j — 0.9487k) = {94.871 + 164.32j-569.21k}N 


= 0.1581i + 0.2739j—0.9487k 


Vector Dot Product: The projected component of Fac along the = axis is 
(Fac )z =Fac -k = (94.87i+ 164.32j—569.21k)-k 
=-569 Ib 
The negative sign indicates that (Fac ), is directed towards the negative < axis. Thus 


(Fag )z = 569 Ib Ans. 
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2-122. Determine the projection of force F = 400N 
acting along line AC of the pipe assembly. Express the result 
as a Cartesian vector. 


Force and unit Vector: The force vector F and unit vector a 4- must be determined first. 
From Fig. (a) 
F = 400(— cos 45° sin30°i + cos 45° cos 30°j+ sin45°k ) 
={—141.42i + 244.95j+ 282.84k} 


Vector Dot Product: The magnitude of the projected component of F along line AC is 
Fig =F-uye = (-141401+244955+282 840) ( £4434) 


=(-141.42)(0)+ 24404 +} 2222 2) 


= 365.66 Ib 


Thus, F4> written in Cartesian vector form is 


4. 3 
Fac = Fac tye = 365: 41+ 34} =(209js 219k} Ib 
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2-123. Determine the magnitudes of the components of 
force F = 400 N acting parallel and perpendicular to 
segment BC of the pipe assembly. 


Force Vector: The force vector F must be determined first. From Fig. a, 
F = 400(= cos 45° sin30°i + cos 45° cos 30°j+ sin 45°k ) 
={-141.42i+ 244.95j+ 282.84k} N 


Vector Dot Product: By inspecting Fig. (@) we notice that u g- = j Thus, the magnitude of the 
component of F parallel to segment BC of the pipe assembly is 
(Fac )parat =F -j =(—141.42i + 244.95 +282.84k) -j 
= —141.42(0)+ 244.951) + 282.840) 
= 244.95 lb =245N Ans. 


The magnitude of the component of F perpendicular to segment BC of the pipe assembly can be 
determined from 


(Fac )per = {F?- ic esa = Y400? - 24495? =316N Ans. 
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*2-124. Cable OA is used to support column OB. 
Determine the angle 6 it makes with beam OC. 


Unit Vector: 


Uge = li 


(4-0)i+(8-0)j+(-8-0)k 
(4-0)? +(8~0)? +(~8-0)? 


1 2 2 
nits jock 
gtH-3 


The Angle’ Between Two Vectors @: 


Yoo “Yon = (1) (j+hs-#) 1() +co(5) +0(-§ 


1 
@ = cos" (gc - Ug,) = C08" = = 70.5° 


e2-125. Cable OA is used to support column OB. 
Determine the angle ¢ it makes with beam OD. 


Unit Vector: 


Ugp =-sin 30°1 + cos 30°j =-0.5i + 0.8660) 


(4-0)i+(8-0)j+(-8-O0)k 


won © [(a— 0)? + (8-0) +(-8-0)? 


The Angles Between Two Vectors ¢: 
1 2, 2 
a =(-0.51+0.8660)) (51+ 31-5 


=(-0.3)($)+(0.660(5)+0(-5) 
=0.4107 


@ = 008" (ugp tp, ) = cos" 0.4107 = 65.8° 


108 


2 Solutions 44918 1/21/09 12:02 PM Page 109 ¢ 


© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


2-126. The cables each exert a force of 400 N on the post. 
Determine the magnitude of the projected component of F, 
along the line of action of F,. 


Force Vector: 


uy, = sin 35°cos 20° — sin 35°sin 20°] + cos 35° 
= 0.53905 -0. 1962j+0.8192k 


F, = Fug = 400(0.5390i -0, 1962}+0.8192k) N 
= (215.591 - 78.47} +327.66k} N 


Unit Vector : The unit vector along the line of action of F, is 


Ug = cos 45° +cos 60°} +cos 120°k 
= 0.70711 +0.5j-0.5k 


Projected Component of F, Along Line of Action of F, : 
(Ads, =F un = (215.591 — 78.47} + 327.66k) - (0.70711 +0.5j—0. 5k) 
= (215.59) (0.7071) + (—78.47) (0.5) + (327.66) (-0.5) 
=-50.6N 


Negative sign indicates that the force component (F, Dp, 2008 in the opposite sense 
of direction to that of ug. . 


thus the magnitude is (F,), = $0.6 N 


2-127. Determine the angle 6 between the two cables 
attached to the post. 


Unit Vector: 


uy, = sin 35°cos 20° —sin 35°sin 20°} +cos 35° 
= 0.5390i - 0. 1962) +0.8192k 


ug, = cos 45° +cos 60°j+cos 120°k 
= 0.70711 +0.5j-0.5k 


The Angle; Between Two Vectors @: The dot product of two unit 
vectors must be determined first. 


= (0.53904 —0. 1962j +0.8192k) - (0.70711 +0.5j -0.5k) 
= 0.5390(0.7071) + (0.1962) (0.5) +0.8192(—0.5) 
= -0.1265 


Ur, “Un 


@ = cos" (ug, -uy,) = cos" (-0.1265) = 97.3° 
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*2-128. A force of F = 80N is applied to the handle of 
the wrench. Determine the angle @ between the tail of the 
force and the handle AB. 


ur =—cos 30° sin 45°1+cos 30°cos 45° +sin 30°k 


= 0.6124 i+ 0.6124 j+0.5 k 


Uap = -j. 


cos 8 = up: tag = (-0.6124 1+0.6124 5+0.5 k) «(J 
=—0.6124 


@= 128° 


e2-129. Determine the angle @ between cables AB and AC. 


Position Vector: 


Tag = {(O-15)i+(3-0)j+(8—0)k} ft 
= {-151+3j+8k} ft 


Fac = {(0—- 15)i+(—8-0) J+ (12-0) k} ft 
= {-15i—8j+ 12k} fe 


The magnitudes of the postion vectors are 


rag = ¥(~15)? +32 + 8 = 17.263 ft 
rue = ¥(—15)? + (-8)? + 122 = 20.809 ft 


The Angle. Between Two Vectors @: 


tag “fac = (—15i + 35+ 8k) - (—15i — 85+ 12k) 
= (—15) (-15) +(3) (-8) + 8(12) 
= 297 f¢ 


a 297 
[ 17.263(20.809) 


lee Ans 
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2-130. If F has a magnitude of 55 lb, determine the 
magnitude of its projected components acting along the x 
axis and along cable AC. 


Force Vector: 


= (0- 15)i+(3-0)j+(8-0)k 


DY il 
(o- 15)? + (3-0)? + (8-0)? 


= —0.8689i + 0.1738] + 0.4634k 


F = Fuyg = 55(-0.8689i + 0.1738) +0.4634k) Ib 
= {—47.7914 + 9.558) +25.489k} lb 


Unit Vector : The unit vector along negative x axis and AC are 
u, =-li 


= (O- 15)i+(-8-0)j+(12-0)k 


“ae (0-15)? + (-8 0)? +(12—0)? 


= —0.7209i — 0.3845} + 0.5767k 
Projected Component of F : 


EF =F -u, = (-47.791i + 9.558} +25.489k) - (-1i) 
= (—47.791) (-1) +9.558(0) +25.489(0) 
= 47.8 Ib Ans 


Fic =F - aye = (-47.791i + 9.558) + 25.489k) - (0.72094 - 0.3845j + 0.5767k} 
= (47.791) (0.7209) + (9.558) (0.3845) +(25.489) (0.5767) 
= 45.5 lb Ans 


2-131. Determine the magnitudes of the projected 
components of the force F = 300 N acting along the x and 
y axes. 


Force Vector: The force vector F must be determined first. From Fig. a, 
F = +300sin30° sin 30° + 300.cos30°j + 300sin 30° cos30°k 
= [-75i+ 259.81j+ 129.90k]N 


Vector Dot Product: The magnitudes of the projected component of F along the x and y axes are 
F, =F -i= (-75i+ 259.81j+ 129.90k) -i 
=-75(1) + 259.81(0) + 129.90(0) 
=-75N 
F, =F -j =(-75i+259.81j+ 129.90k ). j 
=-75(0) + 259.81(1) + 129.90(0) 
=260N 


The negative sign indicates that F, is directed towards the negative x axis. Thus 


Fy = 260N 
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*2-132. Determine the magnitude of the projected 
component of the force F = 300 N acting along line OA. 


Force and unit Vector: The force vector F and unit vector ug, must be determined first. 
From Fig. (2) 
F = —300sin30°sin 30° + 300.cos30°j + 300sin30° cos30°k) 
={—75i + 259.81j+ 129.90 k}N 


tg, = TOA = —O4S— i+ 03-0) 5+ (0.2598— Ok _ 0.754 + 0.5) + 0.4330k 
"OA ~0.45 —- 0)? +(0.3— 0)? +(0.2598 -0)? 
Vector Dot Product: The magnitude of the projected component of F along line OA is 
Fo, =F -ug, =(-75i+ 259.81j+ 129.90k)- (-0.75i + 0.5j + 0.4330k) 


=(-75\-0.75) + 259.81(0.5) + 129.90(0.4330) 
=242N 


A [-(0340-35;n30%) 0:3, 0.30020 m 


= OFS os O2SIE)m 


_ 
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e2-133. Two cables exert forces on the pipe. Determine 
the magnitude of the projected component of F, along the 
line of action of F. 


Force Vector: 


uy, = cos 30°sin 30% +cos 30°cos 30°§ — sin 30° 
= 0.43301 +0.75j—0. 5k 


F, = Fug, = 30(0.43301 +0.75j-0.5k) Ib 
= {12.9901 +22.5}- 15.0} Ib 


Unit Vector : One can obtain the angle a = 135° for F, using Eq.2-$. 
cos*a+cos*B+ cosy = 1, with B = 60° and 7 = 60°. The unit vector along the 
line of action of R, is 


Ug, = Cos 135° + cos 60°} + cos 60°k = 0,707 1i +0. 55+ 0. Se 
Projected Component of F, Along the Line of Action of F,: 
(Ag Fi 0g = (12.990 + 22.5j— 15.0&) - (-0.7071i +0,5j+0.5k) 
= (12,990) (—0.7071) + (22.5) (0.5) + (—15.0) (0.5) 


= —$.44 1b 


Negative sign indicates that the projected component (F, ), acts in the opposite 
sense of direction to that of up . 


The magnitude is Fide = 5.44 ib. 


2-134. Determine the angle @ between the two cables 
attached to the pipe. 


The Angles Between Two Vectors @: 
Up -Ug = (0.43301 +0.75j~0. 5k) -(—0.707 11 +0.5}+0. 5k) 


= 0.4330(—0.7071) +0.75(0.5) +(-0.5) (0.5) 
= 0.1812 


8 =.cos" (ag -tg ) = cos" (-0.1812) = 100° 


Unit Vector: 


Us = cos 30°sin 30° + cos 30°cos 30°§ - sin 30° 
= 0.43301 +0.75j-0. 5k 


Ux, = Cos 135°I + cos 60°} + cos 60° 
= 0.70715 + 0.5] +0.5k 
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2-135. Determine the x and y components of the 700-lb 
force. 


F, = -700cos 30° = -606lb Ans 


F, = 700sin 30° = 350b Ans 
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*2-136. Determine the magnitude of the projected 
component of the 100-lb force acting along the axis BC of 
the pipe. 


Force Vector: 


_ (0-6)i+ (12-4) j+[0-(-2)] k 


¥ (0-6)? + (12-4)? + [0-(-2)}? 


= -0.5883i + 0.7845) +0.1961k { 
C  F=1001b 


F = Filey = 100(-0.5883i + 0.7845} +0.1961k) 
= {-$8.835i + 78.446} + 19.612k} Ib 


Unit Vector : The unit vector along CB is 


_, 0-6)i+(0-4)j+[0-(-2)] k 
¥O-6)? +(0-4)? +[0-(-2)}? 
= -0.8018i --0.5345j + 0.2673k 


Ucg 


Projected Component of F Along CB: 


Fog =F - cy = (-58.835i + 78.446] + 19.612k) - (~0.8018i — 0.5345j + 0.2673k) 
= (-58.835) (0.8018) + (78.446) (-0.5345) + (19.612) (0.2673) 
= 10.5 lb Ans 


e2-137. Determine the angle 6 between pipe segments 
BA and BC. 


F = 100 1b 


Position Vector: 
Taq = {-3i} ft 


Pac = {(6-0)i+(4—0)j+(-2-0)k} ft 
= {61+ 4j—2} ft 


‘The magnitudes of the posfion vectors are 


Ton = 3.00 ft Myc = 62 +42 + (—2)? = 7.483 fit 


The Angle. Between Two Vectors 6: 


Te, lac = (-3i) . (64 +4j—2k) 
= (-3) (6) + (0) (4) + 0(-2) 
=-18.0f 


vm (i) -w i 


TeaTec 3.00(7.483) 
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2-138. Determine the magnitude and direction of the 
resultant Fr = F, + F, + F; of the three forces by first 
finding the resultant F’ = F, + F; and then forming 
Fr = F’ + F.. Specify its direction measured counter- 
clockwise from the positive x axis. 


F* = (80) + (50? — 2(80)(50) cos 105° = 104.7N 


sin@_ sin 105° = 
7) = oT? @ = 47.54 


Fy = ¥ (104,72 + (752 — 2(104.775) cos 162.46° 


fy =177.7=178N Ans 


sin _ sin 162.46 


106.7” 777+ A = 10.23° 


6 = 73° + 10.23° = 85,2° Ans 


= 4a'54° 
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2-139. Determine the design angle @ (6 < 90°) between 
the two struts so that the 500-lb horizontal force has a 
component of 600 lb directed from A toward C. What is the 
component of force acting along member BA? 


The parallelogram law of addition and the triangular rule are shown in Figs. a and b. 


Applying the law of cosines to Fig. b, 


Fr = 75007 + 600 — 250,600 )oos 20° 


=214.91 Ib= 215 Ib 


Applying the law of sines to Fig. b and using this result yields 
6 =52.7° 
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*2-140. Determine the magnitude and direction of the 
smallest force F so that the resultant force of all three 
forces has a magnitude of 20 Ib. 


K, is minimum : 


% = 20-|F +B 


+R = (s+ 10(3)) 4+ (10($))s = 1li+8y 


IR +Rls 12> = 3,601b 


@= ua(=) = 360° Ans 


Thus 


(Kymin * 20- 13.601 = 6.40lb Ans 
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e2-141. Resolve the 250-N force into components acting 
along the wu and v axes and determine the magnitudes of 
these components. 


F, = 186N Ans 


F, = 98.7N Ans 


2-142. Cable AB exerts a force of 80 N on the end of the 
3-m-long boom OA. Determine the magnitude of the 
projection of this force along the boom. 


Vector Analysis : 


sem ( tir By 


= -241- 41.57) + 64k 


Uso = — cos OOP i — sin6Of = - 0.51 - 0.866) 


Rea F = F< ano = (24) (- 0.5) + (— 41.57) (- 0.866) +(64)0 = 48.0N Ans 


Scalar Anaysis : 


Angle OAB = tan” (3) = 53.13° 


Proj F 2 80.cos 53.13° = 48.0N Ans 
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2-143. The three supporting cables exert the forces shown 
on the sign. Represent each force as a Cartesian vector. 


Unu Vector: 


Fag = {(O-5)i+(2-0)}+(3-0)k} m= {-Si+2j+3k} m 
Tap = V(-5)? +22 +3? = 6.164 m 


~Si+2)+3k 
= ie a = ~0.8111i + 0.3244] +0.4867k 


Mc = {(0-5)i+(-2-0)j+(3-0)k} m= {-Si-2j+3k} m 


tae = V(—5)* +(-2)? +3? = 6.164 m 
Tac _ -Si-2j+3k 


= -0.8111i-0.3244j+0.4867k 


Yer 


Tac 6.164 


lpg = {(0—2)i+(0-0)§+(3-0)k} m= {-2i+3k} m 


foe = ¥ (2)? +3? = 3.605 m 


-U+h% 
Tas 7 0.5547) +0.8321k 


Force Vector: 


Fy = Fay, = 400{-0.8111i+0.3244j+0.4867k} N 
= {-324.44i + 129.78} + 194.67k} N 
= {—324i + 130j+ 195k} N 


Fo = Fettag = 400{-0.8111i -0.3244j +0.4867k} N 
= {~324.44i — 129.78} + 194.67k} N 
= {-324i - 130+ 195k} N 


Fy = Fetipg = 350{-0.55471 + 0.8321k} N 
= {194,151 +291.22k} N 
= {-194i+291k} N 
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